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PREFACE. 



A TELEGRAPH Structure must fulfil two distinct sets of condi- 
tions, the Mechanical and the Electrical. On the subject of 
the latter there are many special Treatises, on the former this 
book is the first of its kind. The special Treatises on Telegraphy, 
with the exception of that of M. Blavier, do not treat of 
Mechanical principles, these being very justly regarded as dis- 
tinct from the Electrical conditions, and their full exposition as 
out of place in a Treatise on the application of Electricity. 
Although the Mechanical principles and practice are common 
to other structures than Telegraphs, the particular case of a 
Telegraph structure requires separate treatment; for some of 
the materials employed and the functions of the structure are 
peculiar to Telegraph structures. 

In no branch are the requirements of the Telegraph Engineer 
co-extensive with those of the Civil Engineer. Telegraph 
Engineering has several branches, as mast building, cable laying, 
ACy not pertaining to Civil Engineering, and Civil Engineering, 
again, includes many branches, as tunnelling, roads, railways, 
drainage, water supply, bridge building, &a, of no concern 
to the Telegraph Engineer. As examples may be instanced 
carpentry, brickwork, masonry, and earthwork : — ^the Telegraph 
Engineer has to join timbers in different ways, to make simple 
trusses, to build masts, &c. ; but he is not concerned with very 
complex frames, roofs, d^s., and is not called upon to execute 
extensive works in brick or cut stone. On the other baxA^^ 
is necessary tbsi be ahoaid know the pxiadiglVeia ou ^VvOtk v^y^ 



are built, to enable him to construct plinths of xtone and 4 
brict with stone copea, and to fasten posts, caotileTere, Ac, on 
and in work built by othera, The ordinary modp of erobunking 
employed by the Engineer is Lnftdmissihle in Telegraph Engineer- 
ing, for in the Utter case the bank is always smaU in content, 
and is requited to be of tlie best possible quality ; tbe deepest 
excavation the Tejpf^ph Engineer has to make seldom exceeds 
13 feet, but it liaa frequently to bo made in had soil, on the 
edge of a river, and ■witii very indilTerent appliances. In 
general, when the Telegraph Engineer has difficult work to 
perform, the coat of the work and the distance over wliich it is 
distributed are such that the appliancee commonly used by the 
Civil Engineer are not available; lienee the great importancu of 
a knowledge of principles in order to admit of the means at 
command being duly utilised, and the work carried out with 
safety, economy, and rapidity. I have dealt particularly with 
principles, because, these being known, the manner of their 
application must depend in a great measure on local circmn- 
stances. I hope the general adherence to this plan may render 
the work useful to the several Administrations, however widely 
their practice may differ, and the Paragraphs, being numbered, 
may be readily referred 'to in official instructions. 

While thus assigning a prominent place to General PrineipU$, 
I trust it will be found that the practical part of the subject has 
not been neglected, since I have endeavoured to supplement my 
own experience gained in India by a minut« examination of the 
Telegraph systems of France and Englaud, and of the principal 
processes of manufacture. I am indebted to the Director- 
General of Telegraphs in India for permission to use the 
official orders, &c., of his Department, to the Secretary to 
the Postal Department in England, and to the Director-in-Chief 
of the French Administration. My thanks are due to the Engl- 
neeiv of the English and French Administrations for their 
»aaist»noe, and also to several Eugmeetva^ &cna Cor infbr- 
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mation and fisicilities for observing processes and operations as 
actually carried on at present, in particular to Messrs. Siemens, 
Brothers, Messrs. Hooper & Co., Mr. Henly, and Messrs. Laird » 
Brothers. 

In writing the articles on Statics, Dynamics, Force, and 
Equilibrium and Stability, I have used the works of Baker, 
Blavier, Gregory €kK>dwin, Moseley, Ponoelet, Poisson, Poinsot, 
Bankine, Stoney, Sheilds, Todhunter, Thomson and Tait, Weis- 
bach, Whewell, Warr, and T. Young. In the section on Friction 
I have referred to the works of Morin and JeHett in addition. 
In the chapter on the Strength of Materials I have used 
principally the labours, literary and experimental, of Ander- 
son, Barlow, Clay, Fairbairn, Hodgkinson, Tredgold, Kirkaldy, 
Morin, Navier, Gauthey, Poncelet, Prud'homme, Rankine, 
Rondelet, Vicat, and Pasley. For the chapter on Wood I have 
referred principally to the works of Tredgold, Tarbuck, Nicholson, 
and Newland. I am indebted to Mr. Kipping's work for much 
information on Wooden Masts, and to the works of Grantham 
and Beed for some hints on Mast Building in Iron. On 
Iron Construction I have referred to the works of Fairbairn, 
K Clark, Campin, Kirkaldy, Tredgold, Hodgkinson, Clay, 
Morin, Rankine, Sheilds, Unwin, Truran, W. Yos Picket, and 
others. For the chapter on Insulators I have used the articles 
in the Chemical Dictionaries of Watts and Wurtz, the volume 
by M. P. Desmoreux in the Ency. Roret, the Dictionaries of Ure 
and Tomlinson, the Records of the Patents Office, the Report 
of the Committee on Cables, &c For references on Botany I 
have used Professor Balfour's works. The section on Estimat- 
ing is in general terms that employed in ladia. It was devised by 
accountants and executive officials on consultation, and appears ad- 
mirably suited to the purposes for whioh such a system is required. 
For the section on the lifting of Heavy Bodies I have referred 
to Mr. Glyn*8 book on Cratnes, and for the section on Mechanical 
Manipulation to Mr, Holtzapfibrs work on^ tiie subject. I hava 



il, and am much inclebtea to njw avu.,.* 
egraph Engineers, in particular to a re 
iessor Fleeming-Jenkin. I have referred t( 
lets by Captain Mallock, and to Mr. 
Prussian Telegraphs. 

J. CHRISTIE DOUC 
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PART L 

GENERAL PRINCIPLES OF STRENGTH AND STABlLlTr. 



CHAPTER L 



FORCES, COUPLES, AND WOBK. 



Section L — Units of Force — Forces and Couples eofisidered 

Statically. 

1. Force is an action between two bodies, either canstng or 
tending to cause, change in their relative rest or motion* The 
direction of a force is that of the motion it tends to produoi;. 
Two forces are equal when being applied to the same bo#Jj in 
opposite directions, their combined action produces no chang'; in 
its rest or motion ; when two or more forces acting on a rx^Jy 
simultaneously produce no such change, the forces are said U> U? 
in equUibrio or balanced* The relations of a force to one of th^; 
bodies between which it acts is made known when three e^ju- 
ditions respecting it are given — ^viz., the point of application or 
part of the body to which it is applied, the direction of it« 
action, and its magnitude. When motion is not actoallr pr^^ 
duced, but the forces are balanced^ they are the subject of 
Statics; when the motion is actuaUy produced^ or it« |#n>- 
duction contemplated, the forces form the subject cf lyfMA^ 
Hies. Statics and dynamics are abstract mathematical mnetuum; 
and therefore, to attain rigidity and simplicity in demonstr»ti//n, 
it is necessary to assume conditions which have no exiittencts in 
fact ; thus, bodies are assumed to be absolutely rigid and (nnl^jm 
otherwise stated) to be without weight, ooids are nmmmtd Up 
be perfectly flexible and inextensible, and forces are Bmmuufid U$ 
act on mathematical points and in mathematical lines* Am in 
considering balanced forces velocity and time have not to ^p*9 
considered, statics is simpler than dynamics, and is hm^ pro' 
perly considered earlier. The mecluuiical ytnuA}^ ittrtArtsd in 
the efficiency and permanence of engineering straetonw m^miiy 
refer to balanoed forces, bat knowledge of tiU yritudpUm fA 
dynamics is essential to voider intelligible the dbeto id us^AUm 
in producing shodo^ Uia metmanmoA of forooSf Ae 

B 
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2. Tlie statical meaaum of a force ia another force whidi will 
1)iiluiico it ; the (lyuamicAl meaflurt? is the quantity of motion, it 
]ii'oduces, or tends to produce, in a unit of time. A unit force is 
that force whicb, acting oa a national atandanl unit of matter 
(luring tlie unit of time, generates the nnit of velocity ; this ia 
ternicJ Gauss' absolute unit, the tenn "absolute" being used to 
distinguish it fi-om standanla of force founded on the fbroe of 
gravity, and therefore not absolute, but differing in value at 
different i)oiuts on the earth's surface. The British absolute 
unit is that force which, acting on one pound of matter for one 
second, generates a velocity of one foot per second. In seme 
detinitions the grain La used ns the unit of ma.ss instead of the 
ptmnd : it is manifestly inconvenient to use the gr^n; the pound 
is the unit now generally accepted. The French unit of maas is 
lUe gramme, of time the second, as in England, and of space the 
metre. In the absolute unit, mass and sluice are regarded once, 
but time twice ; for time of action is cuDsidereil, and likewise 
velocity, which depends on time and space. The absolute or 
kinetic unit force dcscribt'd abnve is employed in scientific 
investigations, and on this unit the absolute units employed in 
electric and magnetic measurements are founded ; if the force of 
gravity acting on one pound of matter were employed as the 
unit force in these cases, it wonld be inconvenient by reason of 
the necessity for in every case defining the place on the earth's 
surface at which gravity was supposed to act. The force of 
gravity at the poles is to that at the equator as 1 to l'O05133; 
it does not vary in the British Isles for one degree difference in 
latitude more than Y'hyn °^ ^*^ whole amount in any place. 
Engineei-a adopt in practice the force of gravity acting on a 
national standard of mass as the unit of force, rather than the 
absolute unit : the variation of the force of gravity with difference 
of place being confined within such narrow limits, it may be 
neglected in practice without giving rise to inconvenience ; 
hence, British engineers use the British standard pound weight^ 
and French engineers the kilogramme, as the unit of force, using 
the absolute unit only for theoretical investigations, whme strict 
accuracy is essential, 

3. Although not used in practice, it is essential the absolute 
nnit, and the relation between it and the gravity unit, should be 
understood. The force of gravity acting on a given mass may 
he expressed in absolute units, by dividing the mass of the body 
into the velocity it would acquire in falling in vacuo by its own 
weight for one second. A pound of matter allowed to fall in 
Great Britain would acquire in one second a velocity of 32-3 

&ei per second ; the action of gravity on one pound of matter is 
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therefore equal to 32*2 absolnte units; or, the British absolute 
unit of force is about half an ounce, and the pressure of one 
pound used as a unit by engineers is equal to 32*2 absolute units. 
The force of gravity acting on a unit mass at the equator is 
32088,andinanylatitude #it is equal to32-088(l + -00513 sin 2 1?); 
32-2 is the mean value for the British Isles. It should be 
remarked that weights are primarily measures of mass, their 
application to the measurement of force is secondary. Except- 
ing when otherwise stated, the unit of force referred to in the 
following pages is the force of gravity acting on one pound of 
matter in Great Britain, and is equal to about 32-2 absolute 
units. 

4. As forces involve only direction and magnitude, they are 
represented on paper by lines representing their lines of action ; 
the length of each line represents the magnitude of the force 
according to an arbitrary scale, one end of the line represents the 
point of application, and an arrowhead on the line the direction. 
In algebraical formulte the positive or negative sign is prefixed 
to quantities representing forces accordingly as the force acts in 
a durection arbitrarily chosen, or in the opposite direction. 

5. If a body be acted upon by several forces at the same time^ 
a single force which would produce the same result on the balance 
of the body as these forces is termed their resultant ; in other 
words, the resultant is a force equal and opposite to that force 
which would exactly balance the given forces ; the given forces 
are themselves termed components of their resultant. The 
resultant of a set of balanced forces is nothing. The resultant 
of any number of forces acting in the same straight line on a 
body is their algebraical sum ; apd if the forces are in equilibrio, 
the sum of those acting in one direction is equal to the sum of 
those acting in the opposite direction. The science of statics 
may be deduced from either one of two fundamental principles, 
termed the parallelogram of forces, and the theory of couples^ 
respectively; each of these principles is a necessary consequence 
of the other, the former being the simpler in a large class of 
cases is more generally employed. 

6. The sm^lest number of inclined forces which can be ia 
equilibrio is three; these must act on one point and in one 
plane, and their relation must be such, that each one of them 
must be equal and opposite to the resultant of the other twow 
The neoesmry relation between two forces and their resultant, 
and between three forces in equilibrio, are given in the 
theormn of the paraUelc^ram of forces, which may be thus enun- 
ciated: — ^If two forces acting on one point, both either to or 
firom the point, be xepresented in magnitude and direction by 
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tho adjacent siJes of a parallelogram; tliea, the diagonal of tlio 
pamllelograni drawn through the 
point will rcpreeent Id magnicmJo 
and direction either tlieir result- 
ant or a third force which wfiiild 
balance the other two, aooording 
as it acts to or from the point with 
the other two, or in a contrarv 
direction. Tlius, if AB, AC (Gg. 
1) represent two forces in magni- 
tude and direction acting on h 
point A, th« parallelogram ABCD 
Fig. 1, heing drawn, the diagonal DA 

will represent in magnitude and 
direction their i-esultant; and, if the arrowhead at D were 
reversed, as shewn at A, the diagonal would represent in magni- 
tude and direction a force which would balance the forces AB 

7. Line3 related to each other in magnitude and direction, as 
the sidea and diagonal of a iiarallelogram, evidently bear to each 
other the same relation as the three sides of a triangle; therefore 
the principle of tlie equilibrium of three forces acting in the 
same plane on a given point, is sometimes termed the triangle of 
forces; it is enunciated us follows: — If three forces be represented 
in direction and magnitude by tho three sides of a triangle 
respectively, then those forces acting in the same plane through 
one point are in equilibrio: and conversely, if three forces acting 
in the same plane through one point balance each other, they 
may be represented by the sides of a triangle in magnitude and 
direction. Thus the three forces acting on the point A, fig. I, 
ai-e represented in magnitude and direction by the sides of the 
triangle abc. It follows from the above, that for three forces 
to balance each other any two must be greater than the third; 
that each must be proportional to the sine of the angle between 
the other two ; that they must act in one plane ; and, generally, 
the conditions ruling the relative magnitudes of the sides and 
angles of triangles apply to tho representation of three forces in 
equilibrio; and unless these conditions are fulfilled in such repre- 
sentation the forces cannot balance each other. The relations 
between the lines representing the forces being such, problems 
concerning the forces may be solved trigonometrically aa well as 
graphically ; thus, two forces and the angle between them being 
given, their resultant, or a third force which would balance the 
otbei- twoj may be found; or, three forces being given, the angles 
between them wben they are in equilibrio may be found, && 
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8. The resultant of three or more forces acting on a point may 
be obtained by tlie parallelogram of forces by finding, firstly, the 
resultant of any two of the forces, and then using this with a third 
one of the forces as components to obtain a second resultant, and 
so on until the last resultant, which will be the resultant of all 
the given forces; a force equal and opposite to this resultant 
would balance the forces. This is stated in the following corollary 
from the parallelogram of forces termed the polygon of forces. 
If a number of forces acting through the same point be repre- 
sented by lines equal and parallel to the sides of a closed polygon, 
those forces balance each other; for, if the parallelogram of forces 
be applied to find their resultant, as described above, it is evident, 
if the forces are balanced, this resultant will be nothing ; or, 
dividing the polygon into triangles by lines drawn from one of 
its angles, it follows from the triangle of forces : that AC, AB, BC, 
fig. 2, balance each other, AD, AC, and CD are balanced, and AD, 
DE, EA are balanced ; therefore the 
system of forces is in equilibrio. In 
other words, CA is the resultant 
of CB, AB; DA the resultant 
of DE, AE ; and DC, CA, AD are 
in equilibrio. It is not necessary 
that the closed polygon be plane, 

its sides may be in different planes, ^^ . \ F* 9 
in which case it is said to be gauche. ^^' ' 

9. If three forces whose lines of action are not in the same plane 
act upon a point, and be represented in magnitude and direction 
by three adjacent sides of a parallelepiped meeting at the point 
A, fig. 3, the resultant of the forces will be represented in mag- 
nitude and direction by the 
diagonal of the parallelepiped 
drawn between the given point 
and the opposite solid angle. 
In the figure it will be seen 
that ACFE is a gauche poly- 
gon, and (the direction of AE "^v. 
being reversed) presents a case 
of the polygon of forces; for 
AC, CF, FE are equal and 
parallel to the given forces 
respectively; and because EA 
completes the polygon it is 
equal to the resultant of the 
others. Or the parallelogram of forces may be applied to such 
forces, as already explain^ (Paragraph 8), with the same result. 
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10. Bv means of the relationB giren above of lines representing 
foi'ces, a fiingle force may be replaced bj two or more forces, 
benringlQ the given force the relation of coinpotieiits to resultant; 
the giTen force is tlien s&iil to be resolved into its resolveil p&ris 
or components. For a force to be resolved into two components, 
it is net^eHsary thitt the lines of action chosen for the KsoWod 
])«rts be in the one plane with the line of nction of the given 
force, and that the three lines Interaeot e&ck other in one poin^ 
From the pnrallelograni offerees it is evident thiit the two forces 
i-eqiiired must be together greater than the given force, and they 
luiist be related to the given force in magnitude and direction its 
tlie two sides of o, triangle to the third side; therefore, if two 
components be given in magnitude, their direction may be fouuil ; 
if they be given in direction only, their magnitudes may be found ; 
or if the direction and magnitude of one bo given, the dii'ection 
and magnitude of the oUier may be fonnd, by applying thf 
parallelogram of foroea, either by completing the pamllelognuu 
graphically, or by Holving the problem trigonometrically. Thus, 
in fig. 1, if it be required to resolve AD into two resolved parte 
acting in the lines AC, AB on the point A; if the parallelogram 
be completed by dmwing thu line-. DC, DB imndlcl to the given 
directions AH, AC, then AB, AC will be the resolved parts 
requii-ed. 

11. The rcijultant of any number of forces acting on ft point, 
and having their lines of action in the same plane, may be found 
thus ; — Choose two axes passing through the given point A, fig. 4, 

in the common plane of the 
lines of the forces, and making 
any angle with each other; 
resolve each of the forces into 
two components, one in each of 
the chosen axes ; the resultant 
of all the forces in each axis is 
tlie algebraic sum of the com- 
]>onents in that axis. If tlib 
sum in both axes is 0, or there 
is no resultant, then the forces 
baliince each other. If there 
is a I'csultant in each axis, then 
these resultants being treated 
as components, a final resultant may be found by the parallelo- 
gram of forces. The axes are usually taken at right angles to 
each other, in ivhich ciise they are termed rectangular axet. 

12. A force nmy be resolved into three components acting in 
given Unea iachanA to each other, if the given lines intenect the 
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line of action of the force in one point ; in this case three planes 
are drawn from E, fig. 3, parallel to the planes of AD, AC, AD, 
AB, and AB, AC, respectively; the components required are 
represented by the portions of the given lines between the point 
A and the point of their intersection of the three planes respec- 
tively — ^viz., by AD, AB, AC. 

13. When a force is resolved into components whose lines of 
action are at right angles to each other, the components are 
termed rectangular components; thus, in Paragraph 1 1, if the axes 
chosen be at right angles to each other, each of the forces is resolved 
into two rectangular components. The component of a force in 
any direction is termed the effective component in that direction, 
and it is evidently obtained by resolving the force into two 
rectangular components — f.6., the effective component of a force 
in any direction is the product of the force, and the cosine of 
the angle between its direction and the direction of the required 
component. A force is resolved into three rectangular components 
by drawing three lines perpendicular to each other, AB, AC, AD, 
fig. 3, and from E letting fall perpeudiculars to each of these lines, 
EC, ED, EB; AB, AD, AC are the rectangular components 
required. The restdtant, the perpendiculars from £, and the 
components, form three right-angled triangles, and in each case 

the ^ — T = cosine of the B,n<de between the resultant and 

resultant ° 

component. As each component is equal to the product of the 
resultant into the cosine of the angle between them, the square 
of each component will equal the square of the resultant multi- 
plied by the sqvare of the cosine ; Cj, Cg, C3 being the components, 
Ap As, A3, the angles between them and the resultant, and B 
being the resultant, adding the squares : — 

(A.) CJ + CJ + CJ = R2 (cos A; + cos Aj + cos AJ); 
but the quantity in brackets is equal to unity ; therefore 

(B.) CJ + Q+CJ = R2,and 

(C.) R= VCJ + CJ + d 

Thus, to decompose a force into three rectangular components, 
each component is equal to the product of the resultant into the 
cosine of the angle between it and the component required. The 
intensity of the resultant is given in equation (C), and its. 
direction by the following :— 

c c c 

(D.) cos Ai=^,C08A, = -j^,C08A8=^; 

As the resultant lies in the solid angle, the angles A^y A2, A3 are 
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acute, and as tbc sum of their cosines is equal to unit^, if tber 
fore two be given, tliti tLird ia the detect of their aura from u 

14. If any number of forces act on a point in lines not in tba 
snuie plane, the resultant of such a system of forces is found liy 
resolving each foree into C-omponenta acting in three rectanguhir 
axes, US in Para^-aph 13; thealgebraicauntain these asea are tltea 
treated us componeuts, and a resultant found, as in Paragra^ 
13. This resultant is that of all the giren forces. If the reaul' 
ant be- 0, then the forces are in equilibrio, and, when aay niunbc 
of forces are in e<|uilibrio, their projections upon any plane 
upon any line will also be ia equilibrio, 

15. The above principles may be applied to forces acting o 
perfectly rigid body, thua : — If two or more inclined forces I 
applied to the same point in a r^id body destitute of weight, thtsl 
the conditions of equilibrium are the same as those aJriMulfi 
stated for a point. If the forces he applied to differeiit {>okntV 
in such a body, the assumption of absolnte rigidity supposes thatfl 
force applied to any point in that body is transmitted withoitt 
loss to any other ]K>int of the body lying in the line of action 
of the force; and therefore the action of the force on the hudj 
will not be altered it" ita point of ap[ilication be transferred from 

any point in the body to any 
other point, provided the second 
point lies in the line of action of 
the forca Thua, in fig. 5, ABC 
being a rigid body, the points 
of application of the two forcea 
being transferred &om A and 
C to 1, and the resultant 1, 2, 
being found by the parallelo- 
gram of forces, this resultant 
may be transferred to 3, 4, or 
any point in the body in the 
line 1 4; the line 3 4 represents 
the resultant of the forces AC ; 
and, with its algebraic sign 
changed, the force which would 
balance them. 

16. If from any point in the line of action of the resultant 
{fig. 5) two lines be drawn perpendicular to the lines of action 
of each of the components respectively, the ratio between the 
peijwndiculars is the inverse ratio between the components to 
which they are perpendicular respectively ; and either com- 
ponent may be replaced by any force acting in a new direction 
without disturbing equilibrium, if the perpendicular distance (rf 




Fig. S. 
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the line of action of sucli force from any point in the line of action 
of the resultant, multiplied by the substituted force, be equal to 
the product of the perpendicular distance of the line of the other 
component, and the force of that component. Each of the com- 
ponents in the above case acting alone, would tend to turn the 
body in the plane of its action ; the efficiency of a force to turn a 
body about a given point is directly as the perpendicular distance 
of the line of action of the force from the given point, and as 
the magnitude of the force ; or^ as the product of the perpen- 
dicular distance into the force. This product is called the 
moment of the force — e,g,, a force of x pounds acting at a perpen- 
dicular distance of y feet from a given point has a moment with 
respect to that point, and with respect to an axis passing through 
that point and perpendicular to the plane of the force of a?y. The 
moment of a weight resting on a bracket, fig. 16, with respect 
to the point of support, is the product of the distance of the weight 
from the support and the weight ; with a weight ti? of 10 lbs. 
5 feet from the support, the moment = 50, which represents the 
efficiency of the weight to bend the bracket at A. The moment 
of a physical agency is the numerical measure of its importance ; 
thus, in the above example, the moment of a weight of 10 lbs. 
placed 5 feet from the support of the bracket AB = 50 foot-pounds; 
if the bracket were lengthened to 10 feet, and the weight 
reduced to 5 lbs., the moment would still be 50 — i.e., the 
efficiency of the weight to break the beam would be the same in 
each case. The moment of a force with respect to a given axis 
or point, measures the efficiency of the force to produce rotation 
about that axis or point. The moment of a force about a point 
is the product of the force into the perpendicular to its line of 
action from the given point, and is therefore equal to twice the 
area of the triangle whose vertex is the given point, and whose 
base is a line representing the force in magnitude and direction. 
The moment of a force relative to a straight line perpendiciilar 
to the line of action of the force, is the product of tlie force and 
the shortest distance between it and the given straight line ; if 
the force be parallel to the straight line, its moment is zero ; if 
the line of action of the force be oblique to the given straight 
line, the force being resolved into two components, respectively 
parallel and perpendicular to the straight line, the moment of 
the force with respect to the given straight line is the product 
of the perpendicular component, into the shortest distance 
between the given line and the direction of that component — i.e., 
it is the moment of the perpendicular component with respect to 
the pointy at which a plane drawn through this component, per- 
pendicular to the straight line, meets that line. The moment of 
a force with respect to a plane is the product of tbi^ ioto^^^sA 
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the perpendicular distance of its point of application^ from that 
plane. The moments of forces are said to be expressed in foot- 
pounds, inch-pounds, &c.y according to the units of length and 
weight employed. 

17. Unbalanced forces in the same line, or inclined to each 
other, acting on a single point or a rigid body, impress on it a 
motion of translation; but forces may impress or tend to impress 
a motion of rotation, and this effect remains to be considered. 
Two forces of equal magnitude acting on the same body in 
parallel and opposite directions, but not in the same line, con- 
stitute a couple. The arm or leverage of a couple, AB, fig. 6, is the 

perpendicular distance between the lines of action 
of the two equal forces A and B. The plane of a 
couple is the plane in which are situated the lines 
of action of the two forces. The tendency of a - 
Fig. 6. couple is to turn the body to which it is applied 
in the plane of the couple. A couple is termed 
right-handed when it tends to rotate the body in the same 
direction as the hands of a watch, fig. 6; left-handed when the 
tendency is to rotate the body in the opposite direction. The 
moment of a couple is the sum of the moments of the forces 
about any point in their plane, and therefore is equal to the 
product of the arm of the couple and one of the equal forces; it 
measures the tendency of the forces to rotate the body. If the 
length of the arm be given in feet, and the forces in pounds, the 
product is termed the moment in foot-pounds, as explained for 
moments of force (Paragraph 16) ; the term foot-pouTid is also used 
in another sense, and therefore, in using the term as above, the 
term " moment " should be prefixed to prevent confusion. The 
moment of a couple may be represented by the area of a rect- 
angle, whose adjacent sides are lines representing the arm and 
one of the equal forces respectively; or, by a single line drawn 
perpendicular to the plane of the couple, and of a length pro- 
portionate to its moment; this line is sometimes termed the axis 
of the couple, but properly the axis is any line perpendicular 
to the plane of the couple. Algebraically, right-handed couples 
are usually considered positive, lefb handed negative; lines in an 
axis are usually considered positive when drawn in t^e direction 
from which the couple must be viewed to appear right-handed. 

18. 1. Two couples are equivalent when their moments are 
equal, they act in the same direction, and in the same or parallel 
planes. This is the fundamental principle of the theory of 
couples; from this principle it follows: 

2. The resultant of any number of couples acting in the same 
plane, or in p&rallel planes, is equivalent to a oouple, the 
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moment of which is the algebraical sum of the moments of the 
component couples. 

3. Two or more couples in the same or parallel planes balance 
each other when the resultant moment — i.e,y the algebraical sum 
of their moments— is nothing. 

4. If the two adjacent sides of a parallelogram represent the 
moments of two couples whose planes are inclined to each other, 
the diagonal of the parallelogram will represent the moment of 
the resultant couple equivalent to the two couples compounded, 
both in magnitude and direction — i.e., three couples whose 
moments represented by linos form a triangle, balance each other. 

5. If any number of couples acting on a body be represented 
by the sides of a closed polygon, they are in equilibrio. 

6. Couples represented by lines may be compounded or 
resolved into components as single forces; in applying the methods 
given already under the parallelogram of forces, it is necessary to 
remember that the components and resultants so obtained arc, in 
the case of couples themselves couples, represented by lines in 
the axis, of a length proportionate to the magnitude of the 
couples represented respectively. 

19. A balanced system of parallel forces must consist either 
of pairs of equal and directly opposed forces, of equal couples, 
or of combinations of such pairs and couples; for no single 
force can be found which will balance a couple. The magnitude 
of the resultant of any system of parallel forces is the algebraical 
sum of their magnitudes, and if this resultant is nothing the 
system is in equUibrio. The relative positions of the lines of 
action of parallel balanced forces is solved by means of the theory 
of couples; in the consideration of such cases all pairs of directly 
opposed equal forces are neglected. If three parallel forces 
applied to a body are in equilibrio, the following conditions are 
fulfilled: their Imes of action are in one plane, the extreme 
forces act in the same direction as each other, and in the opposite 
direction to the centre force, 
and the magnitude of each 
force is proportional to the 
distance between the lines of 
action of the other two. If, in 
fig. 7, the three forces be con- 
sidered as two pairs of forces 
forming two couples, whose 
arms are AB and BC respec- 
tively, and whose moments 
are equal, it will be seen that 
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Fig. 7. 



for the system to be in equilibrio the conditions stated above 
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niustbefulfiUed— I.e., the middle force most equal tLe sumof tbe 

extreme forcea, iis the moments of the coiiplea must be equal the 
lengths of the anna must be iovorBely as the forces respectively, 
and it is evident, the forces muy be inclined without disturbing 
equilibrium if thfy maintuin their paralteliBtn to each other. 
Tbis principle is that of ttie lever ; the three forces represented 
in the figure may represent the pressures of power, fulcrum, tod 
weight, and the lever will be of the first, second, or third kind, 
according to tlie order in which these ate arranged. As in tl<- 
case of inclined forces, if three parallel forces are in equilibrio each 
'must be equal and opposite to the reBultnnt of the other two. 
20, The resultunt of a couple and a single force acting on a body 
in the same or a parallel plane it 
found as follows: — Set off Irom 
0, tig. S, the point of application 
f of the given force F. a lino - F 
equal and oppositeto F ; through 
k draw the ana of a oouple and 
I complete the couple by the fore* 
F, the moment of this couple 
being made equsl to that of the 
given couple by iuci-eosing or 
dooreaaing the length of the ami 
I ratio of the force F to each of the forces of the 
given couple; it is evident the resultant of this system is the 
force FA ; for F and — F, being equal and o)iposite, neutralise each 
other, therefore the resultant is equal in magnitude to the given 
single force, its direction is parallel to that of the given force snil 
in the same plane, but its point of application is shifted to tht 
left or right accordingly as the given couple is right or left 
handed. Hence the resultant of any number of parallel fonw 
must be either a single force or a single couple ; for if it were h 
force and a couple, these could be combined into a single force. 

31, The conditions of equilibrium of a system of pai-aJlel forcei 
having their lines of action in one piano are as follows i—lttly. 
The algebraical sum of the force.s must be = 0; and, 2nJtif, tie 
algebraical sum of their momenta relative to au axis at r^ht 
angles to the common plane of their lines of action must be = 0- 
This is equivalent ■ to stating that there must be neither motion 
of ti-anaiation nor of rotation. 

If the given forces bo not in one plane, then fov them to be in 
equilibrio the second condition given above must be replaced bj 
the following : — 

The sum of their momenta relative to two axes at right anglM 
to each other, and to the lines of action of the given force mosl 
i>e=0. 
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22. 1. The resultant of any number of parallel forces whose lines 
of action are in one plane, equals the algebraical sum of the 
several forces; and the distance of the line of action of this 
resultant from an assumed axis, to which the forces are referred, 
is found by dividing the sum of the forces by the sum of theii 
moments relative to this axis. 

2. The resultant of any system of parallel forces not in the same 
plane is found by taking two rectangular axes; the resultant in 
this case, as in the last, is the algebraical sum of the several 
component forces; the distance of the resultant relative to each 
axis is the quotient of the algebraical sum of the moments 
relative to that axis, by the magnitude of the resultant. If in 
the two cases given above the resultant be = 0, then the forces 
are either in equilibrio or their resultant is a couple. If the 
forces are not in equilibrio, then in 1, the moment of the resultant 
couple is the sum of the moments of the given forces relative to 
the axis chosen; in 2, two resultant couples are obtained, one 
about each of the chosen axes; the moments of these couples are 
the sums of the forces relative to each of the axes respectively, 
and their axes will be one on each of the chosen axes; if on each 
of these axes a line is set off in the positive direction represent- 
ing the couple (Paragraph 17), and the rectangle of which these 
lines are adjacent sides be completed, the diagonal will represent 
the resultant couple in moment and direction. 

The value of the moment of this ultimate resultant will be the 
square root of the sum of the squares of the two component 
couples; and generally the same formulae as were applied to 
single inclined forces may be applied to these couples, by using 
lines to represent couples in accordance with the rules already 
stated. Thus, the two component couples and their resultant 
couple are related to each other as the sides of a triangle^ both 
in magnitude and direction; the cosine of the angle made by the 
resultant couple and either of the component couples is equal to 
the quotient of the component taken by the resultant; the value of 
either component is the product of the cosine of the angle between 
it and the resultant and the resultant. The resultant may be found 
by taking the square root of the sum of the squares of the com- 
ponents, because, the axes being rectangular, the components and 
resultant are related as the sides of a right-angled triangle, in 
which the resultant is the hypothenuse; or the resultant may be 
found by taking the quotient of one of the components by the 
cosine of the angle between that component and the resultant. 

23u The resultant of any number of forces and couples may be 
found by applying the methods already given for parallel and 
indined foroeB and couples respectively; thus, the forces and 
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couples being represented by lines in tbo conventional majiner, if 
ftcting in one pkne, two, and if acting in diSerent {ilanes, three 
rectangular axea are taken; to these axes co-otdinatea are drawn, 
so that the single forces be resolved into reaultanta acfcing in the 
rectangular axes, and the couples are also resolved into oonplea 
acting round the same axen ; the aeverul resultants thus obtained 
ore compounded into a single force and a aiogle couple respect- 
ively. If the moment of the couple and the resultivnt of the force 
each = 0, the system is in eqiiilibi'io; if the moment of the couple 
only = 0, the reauttont force is the resultant of the system ; when 
the resultant force only is = 0, then the resultant is a couple. 
If the resultants of a system of couples and single forces be a 
couple and a. single force, three cases are possible: latlt/. Let the 
single force be at right angles to the axis of the couple; this case 
is one of parallel forces, for the couple may be turned until its 
forces are parallel to the single force, and a resultant of the coapld 
and single force may be found fParsgraph 20), for it will be eqool 
and parallel to the single force in a plane porpendicnlar to the axis 
of the couple, and at a distance from the point of intersection of 
the line of action of the single force and the axis of the couple 
equal to the quotient of the moment of the couple by the single 
force. 2ndly. If the single force act in a lino pnrallel to the axis 
of the couple, tben they cannot be compounded into either a 
single force or a couple; the simplest equivalent of the system 
has been attained. Srdly. If the axis of the couple and the line 
of action of the single force be oblique to each other, then the 
couple may be resolved into two component couples, one having 
its axis at right angles to the line of action of the single force, 
and the other having its axis parallel to that line ; the first of these 
couples may he compounded with the single force (Paragraph 20), 
but the single force so found cannot be compounded with the 
second couple : the two t^jgether form therefore the final resultant 
of the system offerees and couples. The moment of Uia ooupis 
is the product of the moment of the original resultant couple, 
and the cosine of the angle between it and the original resultant 

24. Forces have been considered above as undistributed, but 
every force must he distributed over some surface or through 
some volume. The intenailt/ of a force is the ratio between the 
force in units of weight and the area or volume over or through- 
out which it is distributed — e. g., a force of 10 lbs. distributed 
over 5 square feet of surface would have an intensity of 2 lbs, per 
square foot, a force of 9 lbs. distributed through a volume <k S 
<mbjc feet would have an intensity of 3 lbs. per cubic foot The 
on/y force distributed through volume which is oonsidend in 
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engineering is gravity; in this ease it is assumed that everj 
particle of a body is eqfiiallj attracted by the earth, the greater 
weight of one body compared with another being due, not to 
greater force acting on each particle, but to a greater number of 
particles acted upon. Instances of forces distributed over sui*face 
are furnished by every case in which a solid is subjected to force — 
e. g., in a wire subjected to tension the tensile force is distributed 
over the cross-sectional area of the wire, and is resisted by an 
equal and opposite force exerted by the wire, and also distributed 
over the sectional area at any conceivable cross section. For a 
distributed force may always be found either a resultant force, 
a resultant couple, or a combination of a single force and a couple, 
which is its equivalent in action on the equilibrium of the body. 
25. Gbavity is the force with which bodies tend to move 
towards the earth. It is exerted between each body and the 
earth, and between any given body and others surrounding it; 
but the greater relative size of the earth renders it possible 
generally to neglect, without sensible error, the gravity between 
contiguous bodies, and regard that force only which is exerted 
between the chosen body and the earth. Each particle of matter 
is affected equally by gravity; the different weights of equal 
masses of different lunds of matter is assumed to be due to a 
variation in the number of particles in equal volumes. The 
relative greatness of the earth's radius renders it possible to 
assume that the lines of action of the force of gravity between 
the particles of the body and the centre of the earth are parallel. 
The force of gravity hence presents an example of parallel forces, 
the resultant of which must be equal to their sum, and act in 
their common direction. In the case presented by gravity the 
parallel forces are equal in magnitude, and all in the same 
direction; hence, the resultant cannot be a couple, it must be a 
single force acting in the common direction. The position of the 
resultant relative to any axis being given by the quotient of the 
sum of the moments relative to that axis, by the sum of the 
forces; in this instance the forces being equal, this is simply the 
mean distance of the forces, or tbat line about which the particles 
of the body are most symmetrically arranged. Two rectangular 
axes being taken the Ime of action of the resultant is found; if 
three axes be taken a point is found through which the resultant 
passes in every position of the body with respect to the earth, 
this point is the centre of gravity of the body ; it is the central 
point aroxuid which the matter of the body is distributed most 
uniformly. For a body to be supported it is necessary evidently, 
that the gravitating forces acting on its particles be balanced by 
a finree equal and oj^KMsite to their resultant; thus, if a bod.^! V^ 
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bod J, whatever be its position relatively to the earth, that point 
is the centre of gravity of the body ; but it has been pointed out 
by Messrs. Thomson and Tait, that, except in a definite class of 
cases (the bodies being therefore termed centrobaric), there is no 
one fixed point which can be termed a centre of gravity; in 
common parhince the teim "centre of gravity" has an extended 
signification, being used as equivalent to '' centre of inertia" 
(Paragraph 32); and although the fundamental ideas involved in 
the two terms are essentially different, in ordinary cases a proxi- 
mate solution is available, according to which the extended 
meaning may be applied. 

28. Gravity is, as already exj)lained, the tendency to transmit 
into every particle of matter a certain velocity, absolutely inde- 
pendent of the number of particles; loeight is the effort which 
must be exercised to prevent a given mass from obeying the law 
of gravity (Condorcet). The intensity of the weight of a body 
may be expressed in two ways, absolutely by the number of units 
of weight in a unit of volume, and relatively by the ratio it bears 
to the intensity of the weight of a standard substance. For the 
first the term Jieavhiesa has been suggested (Rankine) ; the second 
is termed the specific gravity of the given body. The heaviness 
of substances is stated by British engineers in pounds per cubic 
foot of volume ; and specific gravity is the ratio between the 
weights of equal volumes of the given body and pure water at a 
tem[)erature of 62** F. and an atmospheric pressure of 14-7 lbs. per 
square inch. The weight of a cubic foot of pure water at the 
standard pressure and temperature is 02*355 lbs.; hence, the 
heaviness of any substance in pounds per cubic foot may be 
obtained by multiplying its specific gravity by 62*355. In Franco 
the unit of weight is the kilogratmn/e, being the weight of a cubic 
d^im^tre of pure water at its maximum density (teni]). SO***! F.) ; 
as water at its maximum density is used as a standard instead of 
water at 62° F. as in England, the weight of any substance in 
kilogrammes is its specific gravity, and the heaviness and specific 
gravity are indicated by one number; but water at 39°* 1 F. 
weighs 62'425 lbs. per cubic foot, instead of 62*355 lbs., its 
weight at 62° F. ; thus numbers representing specific gravities on 
the French system, referring to a heavier standard, are for each 
substance slightly less than those referred to the British standard. 
The heaviness and the specific gravity of materials used in con- 
struction are important data, and are stated for each material in 
describing its properties. 

29. The cases of distributed forces other than gravity most 
common in practice are those in which the force is either uni- 
formly distributed over the suiface, and of one kind ; or uniformly 
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ON II. — Force considered DynamicdUy — Inertia 
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31. Matter at rest requires force to set it in motion; if motion 
were impressed upon it by any force, and the force ceased to act» 
the motion would continue for ever at the same rate, unless some 
other force acted to destroy or modify it. If a force continue to 
act on a body after impressing on it motion, then the motion will 
be increased, and will continue to increase so long as the force 
continue to act, provided no other force opposes this motion. The 
mass of a body is the product of its density by its volume — e. g.y 
of two bodies of equal volume, if one had twice the density of the 
other, it would be said to have twice the mass. The velocity of a 
moving body is the distance it travels in a unit of time; the unit 
of distance commonly used is the foot or yard, the unit of timo 
the second. The force necessary to impress a given velocity on 
s body is directly as the mass of that body — i. 0., the greater the 
mass to be moved the greater will be the force required to im- 
press on it any given rate of motion. In other words, matter is 
itself assumed to be absolutely inert or passive, and all motion, 
cessation, and alteration of motion are ascribed to force; thhi 
inertness of matter is termed inertia; and the fact that the force 
required to impress a given velocity on a body is proportional to 
the maas of matter, is expressed by the statement, that inertia is 
propcnrtional to mass, or quantity of matter. 

S& A point the distances of which from three planes at 
right angles to each other are respectively equal to the mean 
distances of a given group of material points from these 
planes, is termed the centre of inertia of the given group. As 
a point so situated with respect to three planes at right angles 
to each other, must fulfil the condition for every other plane, 
the centre of inertia may be defined as that point the dis- 
tance of which from any plane whatever is equal to the average 
distance of the given points from the same plane, or whose 
distance from any plane whatever is equal to the sum of the 
products of each mass, into its distance from the same plane, 
divided by the sum of the masses. Applied to a material system, 
the points may be connected, as in a single body, or they may 
be detached ; they may be equal or unequal in mass, but in the 
latter case the greater must be conceived as divided ; the point 
may fall within or without the mass or masses considered. The 
moment of inertia of any material point with reference to any 
axis, is the product of its mass and the square of its distance 
from the axis ; applied to a system of material points it indicates 
the exact energy of rotation in a rotating body. The tena 
moment of inertia, conventionally used with reference to tlio 
section of a beam, Ac, signifies the moment of inertia of the 
system of points forming the sor&oe of each section, about the 
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neutrFil axis of tho aeotion: the neutral axia passeB thra\igh t1ie 
ceutre of gravity of the section (defined in Puragraph 26). Tlio 
moments of inertia for several common forma of section are iis 



Rectangle,— 1=. J xfintf; 

Triangle.— I = ^xbxdx (Jf + i^) ; 

Circle (solid beam).- I = ir*x 31415G ; 

Circle (hollow beam).— I = J x 314156 x (r* - r/) ; 

For sections whose figares are similar, or are parallel projec- 
tiou3 of each other, tha momenta of inertia are to each other aa 
the breadths and as the cubes of the depths of the sections. 

33. Velocity is termed wniform when tlie moving body moves 
over equal distances in equal (leriods of time; auxtleraUd, or 
retarded, when in succesBivo equal periods of time the distances 
travelled are Kucceaaively greater or less. Variable veloeity for 
any instant is measured by the mean velocity for an infinitely 
small space commenced at that instant. If a force continue to 
act on a body after it has set the body in motion, such force will 
continue to impresa still furtlier motion on the body, and the 
motion is thus accelerated ; this is the case with a body falling 
under the influence of gravity, in each succeeding interval of tiino 
the velocity is gi'cater from the continued action of the foi-ce. 
The laws of the compoaition and resolution of forces described in 
Sect. I., apply to velocities— i.e., velocities may be represented by 
lines representing the relative distances moved over in equal 
times, arrowheads being used to mark the direction of the motion ; 
these lines may be applied as described in Sect. I. The velocities 
DO represented may be compounded into resultant, and resolved 
into component velocities, ia, exactly as described for forces. 
Also, if for a force a velocity be substituted (Paragraph 16), the 
moment of a velocity about a point may be obtained, the moment 
of a rectilineal motion with respect to a point being the product 
of its length and the distance of its line from the point, as detined 
for a force. The velocity of a body is directly as the force which 
Bets it in motion and inversely as its mass. 

34. The measure of a force is the quantity of motion it pro- 
duces in a uuit of time; this quantity of motion is termed tho 
momeiUum ; in a rigid body moving without rotation it is directly 
as the product of the velocity and the mass moving, and the 
force ia said to communicate to the body a momentum equal to 
this product : the absolute unit of force is founded upon thia 



WORK. 21 

principle. The moment of momentum about a point is the pro- 
duct of the momentum and tlie perpendicular distance of the lino 
of motion from the point. The sum of the momenta of the parts 
of a system in any direction is equal to the momentum in the 
same direction of a mass equal to the sum of the masses, moving 
with a velocity equal to the velocity of the centre of inertia of 
the system — i. e., the velocity of the centre of inertia in any 
'direction is the mean of the velocities of the several points of 
the system in the same direction. 

35. Besides the modes of estimating or considering force given 
above, there is one other mode — viz., by the work a force can 
do ; thus, a body in motion is said to possess via viva, force rtre, 
living force*, kinetic energy, or capacity for performing work; 
and this toark must be distinguished from the force measured by 
the momentum of the moving mass. A force is said to do work 
if its place of application has a positive component motion in its 
direction; and the work done is measured by the product of the 
force and this component motion. The work done during an 
infinitely small displacement of the point of application of a 
force, is termed the virtual moment of the force: it is the 
product of the resolved part of the force in the direction of the 
displacement and the displacement. It follows that unless a 
focce produces displacement of its point of application in the 
direction of its action it does no work; and also, when the 
point of application of a force moves only perpendicularly to the 
line of action of the force, such force does no work. Thus, no 
work is done against gravity when a weight is moved horizon- 
tally, nor between a pendulum cord and bob, nor by the attrac- 
tion betwe^i the sun and a planet when the latter moves in a 
circle with the sun as centre, although in all these cases forces 
are in operation. If a body be raised from the earth perpen- 
dicularly, or in the direction of the earth's radius, then the whole 
of the force used to raise the body is used to do work; if a body 
be raised from the earth obliquely, or a planet do not move in a 
circle round the sun, but in an oblique path, by which its distance 
from the sun is increased, then in both cases work is done against 
the force of gravitation; but the force Ls applied obliquely, and 
the force actually applied to perform work is the resolved part 
in the direction of the force of gravity in each case respectively. 
For the force required to move a body obliquely from the centre 
of the earth against the force of gravity, is less than the weight 
of the body in the ratio of the perpendicular distance moved to 
the length of the path; thus the amount of the work done is 
tiie same whether the body be removed from the earth perjien- 
diealArly, or removed to the same distance by an oblique patb» 
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bowerer long. It should be remarked, tliftt if work be done b^ 
a force acting agnmet gravity as above, theu if the body bo raiseii 
be jrennitted to fall again by the action of gravity to it« original 
level, it will do in falling juat as much work as waa performed 
in raising it; for in railing it the work dona was measured by 
the force multipiied by the diflplacement in the line of action of 
gravity ; and if the body be suffered to fall, then the work done 
in falling is measured in the same manner by the force of gravity 
multiplied by the displacement in the line of action of gravity; 
for in each caae the displacement is equal, but in opposite direc- 
tions, and the forces are equal, for the force which acted to raise 
the body must havp been equal to the force of gravity to which 
it was opposed, and it acted in an opposite direction ; hence the 
w^ork done in raising the body may be said to be stored up ready 
to be yielded up again when the body shall be permitted to fall 
to its original position. Gravity is chosen in the examples given, 
but the elasticity or expansive force of steam, of springs, or 
other o^fencies, may be readily used to furnish sunilar esamplca; 
thus, a locomotive engine drawing a train on a leTel ti'a^ does 
no work in opposition to the force of gravity, for the motion of 
the train has no positive component in the line of action of the 
earth's attraction ; but it moves the train against the resistance of 
the air and theresistanceof friction, and in this case the measure of 
the work done is not the weight of the train multiplied by the 
distance moved, as in the other example, but it is measured by 
the force actually required to overcome the retarding forces, per 
unit of distance multiplied by the distance travelled. When a 
piece of india-rubber is stretched, the force employed does work 
m stretching it; so long as it be kept stretched it exerts force 
opposite to the force which keeps it extended, but such force 
does no work; if the cord be permitted to contract, in contract- 
ing the force with which it contmcta performs work equal in 
aniount to the work performed in stretching it, the work in each 
case is measured by the product of the force exerted, and the 
distance moved through, A given quantity of work may be 
performed in a relatively long or short period of time; the 
element of time must therefore be included to completely deter- 
mine work, for upon this element depends what may be termed 
the intensity of the work performed — Le., the rate at which it is 

38, The vis viva or kinetic energy of a moving body is pro- 
portional to the mass of the body, and to the square of the 
Telocity of its motion ; if the momentum, force, or quantity of 
mfft'oa of a body be used up in doing work by raising a iraght 
ia opposition to gravity to » certain height (neglecting tho 
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resistanoe of the air, and considering only gravity), as already ex- 
plained, in fiedling from this height again, the weight raised would 
acquire under the action of gravity exactly its original velocity. 
The velocity a body must have to cause it to rise to a given 
height, is precisely that velocity it would acquire in falling from 
that height; but the height is in both cases proportional to the 
square of the velocity ; or, in other words, its kinetic energy is 
proportional to the square of its velocity, as already stated. T)ie 
above example illustrates the difference between force and work, 
and it may be seen to be true when work is done against the 
action of other agencies than gravity. Work is sometimes im- 
properly described as force acting in opposition to resistance, but 
the idea of force involves that of resistance. The essential idea 
of work is displacement of the point of application of the force. 
A force impresses momentum on a body without acting through 
space ; but to consider the work a force can do, it is essential to 
consider it as acting through space; for the work is measured by 
the product of the force and the displacement — i.e., the space 
through which the force continues its action. Kinetic energy or 
vis viva is the directly projjortionate result of work. If work be 
done on a body in the absence of other forces which can do work 
or have work done against them, the result is an equivalent 
change of kinetic energy. If work be done against such forces, 
the increase of kinetic energy is less than in the former case by 
the quantity of work required to overcome such resistance; but 
in this case the body is endowed with an equivalent potential 
energy, as in the examples given of the op]:x>sition of gravity. 

37. The absolute unit of force being that force which would 
bestow a unit velocity on a unit mass in a unit time, and the 
work it would do being as the square of the velocity, which in 
this case is unity, the absolute unit force is that force which 
does a unit of work in a unit of time. Thus, if a botly weighing 
10 lbs. have a velocity of 5 feet per second, it would do 
6* X 10 = 250 absolute units of work — i.e., compared with gi-avity 
its momentum would raise 250 times half an ounce, or about 
7 lbs. 13 oz., 1 foot high in 1 second ; in other words, the abso- 
lute unit of work measured in gravity is the work required to 
raise about half an ounce weight 1 foot high in 1 second. The 
absolute unit is used in scientific investigations, as explained for 
the absolute unit force, but, as in that case, engineers use a 
gravity unit in preference, and for the same reasons. The unit 
of work employed in practice by British engineers is termed the 
foot-pound ; it is the work requisite to raise 1 lb. weight 1 foot 
high in 1 second ; and it is in terms of this unit that the 
effidenoy of machinesj the vis viva of moving bodies, drc, are 



iiilinitcly sniall (lisplaceinoiiis^ anu i^nv 

ase be ascertained 1)V takiiiir the averaiije niomei 



Section III. — Friction, 

'riction is that force which acts between bodies 
\ of contact to resist their sliding on each oth 
il laws of this force are as follows : — It is simpl; 
.0 the force with which the bodies are pressed 
d the pressure be not so great, compared with 
urfaces in contact, as to indent or abrade either 
e acting at right angles to the surfaces. It vf 
ure of the surfaces in contact. The relation bel 

and the pressure for a given pair of surfaces 
efficient of friction for that pair of sui*face8- 

between two surfaces of cast iron, without any 
)f the force with which the surfaces are pressed 
his number is the co-efficient of friction for thei 
he given condition. It is independent of the ve! 
he surfaces move, if they be moving over each 
;tion between bodies which have remained soi 

contact is greater than that between the san 

1 motion ; the first is termed the friction of re 

/v-:^i.;^„ ^f niotion. Slight vibration is s 

• • _ 1 
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quantity of the ungiient between the rubbing surfaces. The 
unguents commonly employed are oil, oil and black lead, grease 
and tar, and soap. Grease is mixed with tar to prevent it being 
run out by heat ; this mixture, sometimes termed cart grease, is 
used for cart wheels. Soap is a good lubricant for wooden sur- 
&ces, and is used in India for cart wheels having wooden axles, 
being less likely to run than &t. Hog*s lard and oil are better 
lubi-icants between metal surfaces than tallow. The following 
are recipes for anti-friction grease : — 1. Hog*s lard, gutta percha, 
and black lead ; 2. hog's lard, with 20 per cent, of black lead. 
Most of the grease manufactured for lubrication is unmixed 
with black lead, but it is made alkaline. The layer of unguent 
should be continuous, and to gain the maximum advantage from 
its use it must not have less than a certain thickness. 

42. The general laws stated above apply to the friction of 
axles upon their bearings. With the exception of librous 
materials, friction is generally greater between the same material 
than between different materials, and is greater when the sur- 
faces are very smooth than when somewhat rough ; this is 
attributed by some authorities to the action of cohesion. 

43. When a body is placed on an inclined plane it has a ten- 
dency to slide down the plane ; the force which resists this ten- 
dency is the friction between the two surfaces in contact. If fig. 
9 represents a body on 
an inclined plane, it is evi- 
dent the weightof the body 
may be resolved into two 
components, respectively 
parallel and perpendicu- 
lar to the inclined plane 
ABC ; the parallel com- 
ponent represents the 
force with which the 
body tends to slide 
down, the perpendiciilar 
component the force with 
which the body is pressed against the inclined surface. The 
friction between the surfaces must not be less in proportion to 
tke pressure applied than the relation between ac and c& ; if 
it be less, the body will slide down the inclined plane. If the 
parallel component bears the ratio to the perpendicular com- 
ponent expressed by the co-efficient of friction for the particular 
materials of which the surfaces are in contact, the body will be 
on the point of sliding down, and the angle abe or ABC is 
termed the angle of repose (sometimes the angle of frictionV 
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Aa ab and ad are perpendicular to CB and AB respectively, I 

angles ABC aod abc are equaL Wben about to slide, -r equ»ta J 

ihe oo-efficient of friction for tho particular surfaces empluvedf A 

but —- T — the tangent of the angle ABC; beuce the angle tf J 

repose for any two substances is that angle the tangent of'| 
wliich is equal to their co-efficient nf friction. If thia aa^Io ba I 
exceeded in au inclined surface, the friction ivill be insufficient \ 
to maintain the body at rest, and it will slide. A table of I 
co-efficients of friction and angles of repose ia given in Pan- T 
graph 49. I 

44. The angle of repose is of great iniportance in forming'] 
banks of earth or sand, in building blocltwark structures, Jul T 
If a bank be made with a greater slope than the angle of repoBfl) 4 
the earth will slip until the angle is reduced to that of repose^ ■ 
unless other forces than friction resist the tendency to slip. The 
aUibility due to friction between Biii-faces in contact is termed the 
Btability nf friction ; in the case of loose earth and sand, water 
in small quantity somewhat increases the co-effioient of Criction, 
but in lai^e quantity it acts as an unguent, and tends to destroy 
frictional stability entirely, in which case cohesion alone resisto 

-the tendency to change of form, 

45. In drawing a carriage on a horizontal road the angle of the 
direction of the draught (tlie traces) with the road, termed the 
angle of traction, should not evidently be greater than the angle 
of repose; but obliquity of draught within this limit is advan- 
tageous. The following ratios of slopes for vehicles, being the 
angles of repose, or the most advantageous angles of draught on 
liorizontal roads, are given as likely to prove useful : — WheeU 
with iron tires — road, sand and gravel, 1 in 16; broken Htone 
(ordinary), 1 in 25; condition perfect, 1 in 67; well made pave- 
ment, 1 in 71; oaken planks (not planed), 1 in 98; stone track- 
way (well laid), 1 in 179; i-ailway, 1 in 280; iron shod sledge on 
bard snow, 1 in 30. 

46. If a rope be twisted round a cylindrical body, as a post or 
tree, the friction is so considerable that, with ono (»)mplete turn 
round a smooth cylinder, a tension of 1 unit on one end of the 
rope will balance about 9 units on the other end; with two turns 
1 unit tension, applied at one end, will balance 9 x 9 = 81 units 
on the other end; and generally, as the number of turns is 
increased in arithmetical progression, the advantage due to 
Hictioo increases in geometrical progression. This fact is applied 

■in lowering heavy weights, and generally to gain control over a 
'^pe subjected to tension, when the foicfi &b command is email 
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compared with the tension on the rope. It explains the efficiency 
of a knot in a rope, in which case the rope is bent round itself, 
the friction being rendered still greater hj the rough and yielding 
surfiskces. 

47. When a band passes round a drum, as in driving machinery 
by a band, the friction is dependent on the angles A, C, fig. 10» 
at which the cord meets the surfaces, 
or the angle ABC, and the co-efficient 
of Motion only. The shape and size 
of the traiunrerse section of the drum 
do not inflnenoe the friction; but in 
pracdoe, if the band be stiff, there is 
probably an advantage in using drums 
of large radios. If the cord or band 
pass completely round the drum, the 
friction, as in the last case, is inde- 
pendent of the size and form of the 
section of the pulley or drum; it is 
dependent only on the co-efficient of friction for the jmrticular 
materials employed. When a pulley or drum is turned by a 
baud, the fiiction increases the strain on the band on one side of 
the pulley, and diminishes that on the other side; the sum of the 
tensions is constant, the tension on one side being increased by 
just as much as that on the other is diminished. 

48i. Friction is the agent to which is due the efficiency of the 
arrangements for stopping machinery, termed brakes. The most 
common form of brake is formed of blocks of hard wood, fixed on 
an iron strap or arm, passing round the whole, or a poi-tion of 
the circumference of the wheel to be acted upon, and admitting 
of being tightened on the wheel by suitable levers or screws. 
The Ibrm termed " Appold's brake" is that commonly introduced 
into cable-laying machinery, for controlling the rate at which the 
cable leaves the ship during the process of paying out. The 
principle is as follows: — A, Hg, 11, represents a wheel the 
motion of which is to be reduced by 
friction on its circumference, a strap 
of iron DEC passes completely round 
the wheel A, the ends of this strap 
DC are attached to a lever AB, mov- 
able abont A, the end C being fixed 
to the lever further from its fulcrum 
A, ilian the end D. If the end 6 of 
Hm lerer AB be depressed, the strap 
ia evidentlT tightened on the circumference of the wheel; if 
B be xaiaed, the strap is loosened; for, in either ceaie, ^i2^<b «iA 




Fig. 11. 



tly, tiiclitens tlie sira|i, tm*.* m...^ 

of the jirrangement is to act as a constant foi 
the motion of the wheel A on its axis. This i 
has led to the adoption of this form of brake 
The cable passes several times round one or mor 
gnerally two, and the weight of the cable hang 
the stem of the vessel causes the drums to rc^ 
to run out; to control the revolutions of the c 
the cable from running out too rapidly, an 
ipplied to the edge of a wheel rigidly fixed on 
le drum; the iron strap does not press direct 
is lined with blocks of hard wood, through ** 
is communicated. Instead of a weight bein^ 
;he most perfect machinery B is connected wit 
Q a hydraulic cylinder, and the brake is tig 
by putting pressure on the upper or lower 

[L 

le co-efficients of friction of motion for a few 
; cases, are as follows 

on stone, 
ber on timber, 
ber on metals, 
Ells on metals, 
.h on earth, 

„ wet clay, 

,, shingle and gravel, 
i^+li surfaces creased, 
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CHAPTER IL 

GENERAL PRINCIPLES OF STRENGTH OP MATERIALS. 

Section I. — Dejmitions — General notice of Strengthy Elasticity , dec. 

50. The external forces acting on a structure, or part of a 
structure, constitute the load on the structure or part. The load 
produces more or less alteration of volume and figure in the piece 
of material acted upon — this is termed strain; it may be expressed 
by the quotient obtained by dividing the alteration of some 
dimension of the body by the original length of that dimension. 
Stress is the force with which the piece of material resists the 
tendency of the load to strain and fracture it ; it is the force 
exerted between the particles of material which resists the load, 
and is necessarily equal to the load. The intensity of stress is 
represented by the quotient obtained by dividing the total stress 
expressed in units of weight, by the extent of the surface over 
which it is distributed, expressed in units of area — e. g.y it may 
be expressed as so many tons or pounds on the square inch or 
foot of the sectional area of the material, as explained for dis- 
tributed forces generally (Paragraph 24). That property of a solid 
of resisting forces tending to change its figure is termed rigidity 
or stiffnjess; it is expressed as a co-efficient or modulus of stiffness 
by the ratio of the intensity of the stress to the strain. The 
reciprocal of the co-efficient of rigidity is the co-efficient or 
modulus of pliability. The term ^'elastic flexibility" is applied to 
signify the extent to which a body may be strained without 
suffering fracture — e, g., vulcanised india rubber is the most 
elastically flexible of known bodies. 

51. The property of stiffness, together with that of regaining 
more or less completely its original form and volume on removal 
of the load producing strain, is termed elasticity. If the return 
to its original dimensions be complete, the solid is said to be 
perfectly elastic ; if any permanent alteration in figure remain 
after the withdrawal of the straining force, this alteration is 
termed a set, and the body is said to bo imperfectly elastic. No 
frabstance is perfectly elastic; like electrical conductivity, and 
many other qualities of bodies, elasticity is never absent, but is 
always imperfect. It is, however, sensibly perfect if the stress 
be restricted within narrow limits, and nearly perfect up to & 
certain limit, sometimes termed the limit of elasticity, or of 
perfect elasticity. Co-efficients and moduli of elasticity measure 
the 8(ifihes8 only within those limits of stress wherein the 
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elasticity is sensibly perfect ; when so limited, the strain is 
directly jiroportioDiii to the streas. The co-efficient of elasticity 
ia the Rtrain produced by a unit lotid (1 lli.), acting on a piece 
of material of a unit transTerse Beotional area and a unit length; 
the modulus of elasticity la the reciprocal of the co-efEcient. It 
will be evident, on consideration, that the modulus of elasticity 
of a piece of material, for its resistance to stretching or com- 
presaiou, repreaenta the force per unit of tranaverae area reqoired 
to Rtretch or oompreas it respectively through a range equal to 
its original length. The moduli of elasticity given in books are 
thoae for direct elastiwtj, or raaistanoe to stretching and to cora- 
preasing forces, which are sensibly oi:|ual for the same material 
within the limits of elasticity ; and tranaverae elasticity, or resist- 
■ auce to distortion. The greatest number of esperiments have 
been mode on the resistance of bodies to lengthening, and this 
is, as a rule, referred to in tables ; the coefficient of transverse 
elasticity has been obtained by experiment for very few substances 
only. As already stated, moduli of stiffness are the relation 
between the intensity of the stress and the consequent strain 
(Pamgraph 50); moduli of elastieity are simply moduli of stiffr.es "i 
when the atresa ia so limited, that the elasticity is sensibly perfect. 
Moduli or coefficients of elasticity given in tables, are generally 
expressed as the number of pounda pressure per square inch of 
flection, which would compress or stretch the body through a 
distance equal to the original length of the body itaelf (which, as 
we have seen, is equal to the reciprocal of the co-efficient of 
elasticity), the elasticity being assumed perfect — e. g., if a stress 
of 50 lbs. per square inch compressed or elongated a body 
through one-tenth of its length within limits of perfect elas- 
ticity, then 500 lbs. per square inch would at the same 
i-atio compress or elongate it through a length equal its own 
length, and 500 lbs. per square inch would be its modulus of 
elasticity, which, it is evident, is a purely hypothetical quantity, 
having no possibility of existence in reality. Caoutchouc is the 
only substance which can be so stretched without fracture. 
British engineers use the British units ; French engineers expresa 
moduli of elasticity in kilogrammes pressure per square millimetre 
of transverse sectional area, as explained for distributed forces 
generally. Moduli of elasticity and atrengtli are sometimes 
expressed in heights or lengths of the raaterinl itself These heights 
or lengths signify the height or length of the column of the 
material which would weigh as much per unit of sectional area 
aa the modulus — «.g., if the modulus of elasticity were 500 Iba. per 
square inch, and a cubic inch of the material weighed I ounce, a 
column sixteen times 500, or SOOO inches high, and 1 sqaare inch 
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cross section, would weigh 500 lbs. ; a column C66'6 feet wonld 
press on its base 500 lbs. per square inch, and the height of the 
modulus of the material would be thus 666*6 feet. As there is 
no necessary connection between the elasticity or strength of a 
solid and its density, this mode of expressing the moduli is of 
very limited application in practice. Tables of moduli of elasticity 
used in practice refer to resistance to direct stretching ; resistance 
to compression is more difficult to ascertain, and would be of less 
ntility, the phenomena being more complex. 

52. It was supposed that no set was produced by loads within 
the limit of elasticity, but it is now known that loads well within 
this limit do cause a set ; and it is highly probable that every 
load, however small, causes a set on its first application, the 
set in the case of a relatively small load being inappreciable. 
The set due to the action of a load within the limit of elasticity, 
is not increased by repeated applications of the load ; and, after 
having received such a set, the material is more perfectly elastic 
for loads not exceeding that which produced the set. If a load 
exceed the limit of elasticity of the material, repeated a[)plications 
of the same load cause an increasing set, until the material is 
either fractured or fails by being distorted so much as to become 
useless. The limit of elasticity, or of perfect elasticity, the 
elastic strength or the proof strength, of a piece of material, is 
now more correctly defined as the greatest stress it will bear 
without injury — 1.«., the greatest stress which does not produce 
an increasing set on repeated application. Hard, vitreous, and 
earthy bodies, as glass, bricks, dec, are brittle ; they appear 
elastic through the whole extent of their cohesion, they take no 
set, and £ul without exhibiting the phenomenon of strain. 

63. The load producing the proof stress is termed the proof 
load. For loads exceeding the proof load the strain is not pro- 
portional to the stress producing it, but increases in a much faster 
ratio than the stress ; when the load exceeds the proof load, an 
addition of one-eighth of the ultimate load may double the strain. 
The breaking load, or ultimate strength of a body, is the force 
required to fracture it in some specified way, as tearing, crushing, 
Ac The load borne by a piece of material in practice is termed 
the vx)rking load ; it is made less than the proof load in a certain 
ratio determined by experience, to allow for imperfections of 
workmanship, of materials, and other contingencies. The ratio in 
which the breaking load exceeds the working load is termed the 
/odor of mf(X}f — 0.^., if a structure be so constructed that its 
nltimate load is four times the greatest load it can ever bear in 
inractioey its fieuHior of safety is said to be four. The safe-working 
-load does not exceed the proof load, it lies generally considerably 
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within it ; and in some substances but a small proportion of their 
strength is availuble by reason of their great pliability. 

54. In testing iniitnriala the load is graduaQy increased from 
to its maximum ; when the proof or ultimate load is mentioned, 
it is always aBSumed that the load is added gradually, without 
viltrotion or impact ; in this case the load is termed a dead load. 
If, iDsteod of increasing iVom to its maximum, the load be 
applied at once, the Btrain immediately on application of the 
load is double that the same load would cause if applied gradually, 
A load applied suddenly is termed a liye load ; and the factor of 
safety to resist a live load must be made double that to resist the 
action of a dead load. If the load be mixed, then each portion 
must be multiplied by its own factor of safety, that of the live 
portion being made double that for the dead portion ; in other 
words, if the load or any portion of it is borne continuously, or 
applied gradually, tlie strength of material required to resist the 
Hctiou of such load or part need be only half that requisite to 
bear the same load or part of it, if suddenly applied. 8tructure3 
required to bear the application of a suddenly applied load, are 
made twice as sti-ong ass similar Btruetures rt;quired to bear a. 
dead load. 

55. The period during which a load is applied influences its 
effect on the material ; ii i-elatively small load apidied for a con- 
siderable time may produce a sensible set ; whereas, a mucb 
greater load .ipplied for a short time may have no such etlect 
A load equal to three quarters of the breaking load, and thei-efore 
considerably beyond the proof load, has been applied to an iron 
beam for a short time without causing appreciable set. A load 
does not produce its ultimate set the instant it is applied, time 
is necessary to admit of the set acquiring i':s maximum ; thus, a 
bar of iron may be snapped suddenly, [iroducing a scarcely 
appreciable set ; whereas a considerable set might be produced 
by iL smaller load suffered to act so as to break the bar slowly. 
This fact is of great importance in testing materials to be after- 
wards employed in construction ; but, as a rule, materials to be 
employed must not be tested beyond their proof strength. If a 
load exceed the proof load by a small amount only, the piece of 
material may not fail until after a considerable lapse of time, or 
thousands of different applications of the load ; hence weakness 
of a structure may not appear until long after the structure has 
been in use — the mere fact that it fulfils its purpose at (irst is 
alono no proof that it will continue to do so without accident. 
This explains why structures sometimes fail after having 

api>arent\y afforded proof of sufficient strength, by resisting 
fucceaafidly for a Jong period the load under which they ulti- 
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mately fail ; and why telegraph spans break occasionally without 
apparent cause. 

56. If a load be applied with impact and vibration, a smaller 
load will suffice to produce fracture than if the load be applied 
without shock or vibration. Vibration is most destructive when 
the vibratory motion is caused to accumulate by the application 
of shocks at regular intervals of time ; a suspension bridge and 
a tight span of telegraph wire are caused to vibrate by gales of 
wind, which for this reason may prove destructive to such 
structures if not provided against. Such being the e£fect of 
vibration and shocks, it is evident stiffness is an important 
element in estimating strength. For this reason it is frequently 
necessary either to use more material than mere strength apart 
from stif&iess requires, or to dispose material in other than the 
strongest manner, in order to gain sufficient stiffiiess. It is 
evident, also, if a piece of material be too stiff, it may be frac- 
tured by reason of its want of power to absorb the force of a 
shock by its elasticity. 

57. The energy or quantity of mechanical work of the greatest 
shock a piece of material will bear without injury — i.e., of the 
shock which will produce the proof strain — is termed its resilience 

or spring. If £ be the modulus of elasticity, = will be the 

co-efficient of elasticity. Let I represent the proof load per unit 

of section, then the total elongation under this load will be =, and 

Ix 
for a bar originally of the length x, ^y and this represents the 

distance through which the force of the load acts in stretching 
the bar to its proof strain. If 8 be the area of cross section of 
the bar, the IcMid being applied gradually will vary between and 

U, and its mean will be ^ ; the work done in stretching the bar 

to the proof strain will be — 

U Ix _^J^ 8X 

t.0., the resilience of the bar is obtained by multiplying half its 
mass by the quotient obtained by dividing the proof tenacity by 

the modulus of elasticity. The fieu^tor -r-^ is termed the modulus 
of resilience ; and it is evident a suddenly applied load = q-, or 
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hslf the proof load, jiroduoea double tlie strain it ■vronld prodiios 
if gradually iccrwised from to its iimiinmni (Paragnipli 64), 
If therefore half or nearly half the proof foad be saddenlj' i 
applied, it wilt prodiic* the proof strain. In produoiog this 
Btrain the load will more tbrottgh the distance the niat«nal is | 
atrained through, at^ting in opposition to the stress of tbv | 
material ; the work done bj snch load in straining the material 
is therefore the load multiplied hy the distance it mores 
through in produciog the proof strain. This work, measTiring 
the energy requisite to produce the proof strainj is the resilienca 
or spring of the particular piece of material. In other words, 
the resilience ia equal to the proof strsin, multiplied by the 
mean load, which acts to produce that strain. The re.'tiliencc ot i 
materials is of great importance in eatimating the strength ot I 
Btructui-es liable to shodw. The quantity of work in the greatest J 
shock to which the material is liable in use, and its resilience^ ' 
should in such cases be compared, and prorision made to cost 
that the elasticity of the material be not impaired by the shocks 
■which it is required to successfully resist. In pi-actieo resilience 
is considered with reference to tension ; it might lie coiisider«f 
with reference to compression, but from the complexity of the 
phenomenon of crushing it would be of little practical utility. 

68. Cttaditious are frequently imposed by the nature of a 
material which prevent such material being employed to the 
greatest theoretical advantage — e. g., metals may be fashioned 
into hollow forms, whereas in wood such forms arc obviously 
inadmissible. This ia one of the reasons why the metals have 
superseded wood for so many purposes, although iron is so 
much heavier specifically than wood; ships' masts and spars, for 
instance, may be made stronger, and yet lighter, of iron than 
wood. Conditions are also frequently imposed by the mode in 
which materials are worked, wliich prevent the atrongest form 
being imparted to a given masa-^. e., render it necessary to use 
more of the material than strength requires; e.g., in casting 
metals, great and sudden inequalities of thickness have to be 
carefully avoided, because the thin metal would cool so much 
quicker than the thick, that the casting would either be fractured 
in cooling, or so weakened as to be rendered unsafe. It is evident 
a knowledge of the operations by which materials are worked is 
necessary to the engineer. 

69. The existence of slight defects, the greater difficulty of 
"Working, and of obtaining large masses of uniform good qnali^ 

throughout, cause large pieces of material to be weaker relatively 

£^^2 amall pieces of the same material;- hence, where admissible, 

Jiiamore economicaX and safer to use small rather than large 
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masses. The strength of a model of small size is proportionately 
much greater, therefore, than a similar structure of working size; 
therefore the strength of a projected structure cannot be directly- 
deduced from the strength of such a model. 

60. The effect of increase of temperature is generally to reduce 
the elasticity of solids, causing them to become softer and weaker. 

61. When a piece of material is loaded in such a manner that 
the weight of the material itself acts in the same direction as the 
external load, then this weight must be considered part of the 
load, and added to the external load to obtain the gross load. In 
estimating the strength of a given solid, the gross load must 
always be oonndered. If the weight of the material form part 
of the gross load, the strength in similar bodies does not increase 
in proportion to the increased weight of the material if the 
dimensions of the body be increased. In sucli case, the larger 
the piece of material the greater the proportion of its strength 
used, up in supporting its own weight, and the smaller the 
extemsd load it will bear safely compared with its dimensions, 
until, with a certain dimension, it will only bear its own weight. 
This is termed the limiting dimension ; thus the limiting length 
of a beam, or the limiting height of a column, is that length or 
height of the particular material at which the material itself 
would be equal to the ultimate load of the beam or column 
respectively, or the beam or column would support no external 
load. The limiting span of a wire is that span which, with the 
\ei\st possible tension, the wire would be at tho point of rupture. 
It is manifest, in the examples given, that the transverse dimen- 
sions do not affect in any way the limiting lengths ; the latter 
are invariable for the same material, and depend on the relation 
between the heaviness and strength of the particular material 
Hence there is a limit to size in construction imposed by the 
ratio between the strength of the material and its heaviness. 

62. It is usual to consider the external load only as a preli- 
minary in designing structures, and by the term load this is 
generally referred to. If the weight of the piece of material is 
small compared with its load, this weight may be neglected ; in 
all other cases it must be considered and provided for; in no case 
should it be entirely overlooked. The method stated above, 
which is that of £Eilse position, is of great use in simplifying the 
work of designing, and is very generally used by engineers. It 
is manifestly much easier to fix the dimensions of materials pro- 
visionally, then examine and modify them until the correct 
dimensions are arrived at, than to endeavour to calculate directly 
the necessary dimensions from complex data. 

68. In examining suifiMes of fracture to ascertain tho m<(^l<Sk- 
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not fail), the rivets are first distorted, and ultimately sheared 
through. In short, a piece of material may be strained and 
ultimately fractured, by pressure, tension, breaking across, 
wrenching or torsion, and shearing or detrusion. A piece of 
material forming part of a structure may be subjected to one 
kind of strain, as in the case of bolts and rivets, which suffer 
shearing stress; or it may bo strained in several ways at the 
same time, as in the case of a piece of timber joined to other 
timbers by bolts, in which the timber resists the direct action of 
a load, and the tendency of the bolts to shear out a layer of wood 
from the bolt holes. 

66. Materials are most economically applied when that kind 
of strength which they have in greatest perfection is brought 
into play — e. g.^ cast iron being greatly inferior in tenacity, and 
superior in resisting pressure, to ^Tought iron, the former is 
more frequently employed to resist pressure and the latter to 
resist tension; while brickwork, having a very low degree of 
tenacity, is not subjected to tension as a general rule. 

67. But few kinds of material are homogeneous when in large 
masses, and different specimens of the same material differ between 
very wide limits in strength and elasticity. Although numerical 
constants are given, they must not be supposed applicable to every 
specimen of the same material; in the case of so variable a sub- 
stance as timber, for example, probably such constants as those of 
deflection. Paragraph 143, would not agree exactly in any two speci- 
mens; while there is an infinite number of different qualities of 
material between cast and wrought iron of extreme qualities. Such 
constants are average results of experiments, the extreme results 
obtained differing frequently very widely; thus such constants 
cannot be considered as applicable to any particular specimen. 
The moduli given in tables generally refer to average quality 
without faults. The conditions affecting the strength of parti- 
cular specimens must be considered, and experiments made when 
necessary, to ascertain if the specimens to be used are equal to 
average quality; and care should always be taken in selection. 
In applying rules and tabular numbers to the calculation of the 
strength of materials, it is evident such rules and numbers 
cannot be blindly used with safety ; observation and judgment 
are necessary, and the result has frequently to be confirmed or 
supported by experiment. In applying numerical co-efficient;i 
and moduli in practice, the two principal points to be attended 
to are — Istiy, that the material to be employed is of the proper 
quality; and 2ndly, that the case presented is (as far as possible) 
exactly similar to that from which the co-efficient was deduced 
by experiment. 
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Section II. — Reslslance to Presmre. 

68. For sti'esaes less than the proof etress, the reaistanoe to 
longitudinal compression is Bimsibly equal to the reaistaoce to 
gtretcliiug; for xuch streBsra the strain is directly projiortional 
to the load prodiiciug it. The resietauoe to compresftion, the 
load being limited, doee not bear a fixed relatiou to the resists 
anee to cmahiiig; a material which offers a higher resistance 
than another to crushing, may, under a limited load, olfer a leaa 
resistaiico to compresaioa. 

69. The phenomena presented on fracture by compresBlon are 
regulated by the length of the piece broken, as compared with it« 
transverse dimensiona, imd by the molecular structure of the 
mateiiai. If the length of the body greutly esoeed its diameter, 
the effect of longitudinal preasure is to beud and ultimately 
breiik it across ; in this case the failure is by bri-aking across 

The tendency to break by cross breaking oommenoes when the 
length exceeds about 5 diameters in cast iron, 10 diameters in 
■wrought iron, and 20 diameters in dry wood ; but if the pro- 
portion of length to diameter be less than that of 3 to 2, the 
friction of the surfaces between which the body is crushed 
affects the result by holding the parts together, and making the 
strength appear greater than it really ia. 

70. The principal laws of resistance to direct crushing offered 
by short pieces of uniform section are as follows : — 

The resistance ia directly as the area acted upon, the load 
being uniformly distributed — e.g., a prism of uniform section of 
2 inches sectional area, vould require twice the force to crush it 
required by a similar prism of the same material of 1 inch, or 
half the sectional area. If the load be not uniformly distributed, 
the crushing load is reduced in the ratio the mean stress is less 
than the maximum stress— c.^., if the mean stress be half the 
maximum stress, then the crushing load will be half that of the 
same body for a uniformly distributed load. 

71. The crushing load is influenced by the form of section. 
Of four prisms of equal sectional area the cylindrical was the 
strongest; then in order of strength the square, the rectangular 
4x1, and the equilateral triangular; the difference between thn 
strongest and weakest was about 14 per cent. A pillar of 
uniform transverse dimensiona ia stronger than one of the same 
content which tapers — t.g., a <^linder is stronger than a truncated 

0e>ae, and more so as the inequality of the diameters of the 
Jatter ia grent^ir. 0/ rectangular pillars of the same content and 
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length, the square section is the strongest. If a prism or 
column be built up of several pieces, as in brickwork and 
masonry, the resistance offered to crushing is inferior to that of 
a similar prism formed of a single block ; and the structure is 
weaker the thinner the courses. The strength of the structure 
is increased if the blocks be cemented together. If the strength 
of the cement exceed that of the pieces cemented, and it be 
strongly adhesive, the strength of the structure may even exceed 
that of a single block. 

72. The phenomena of crushing differ with the nature of the 
material crushed. Hard homogeneous substajices, as vitreous 
bodies, split in a direction almost parallel to the direction of the 
load, the surfaces of fracture being smooth. Granular sub- 
stances, as brick and cast iron, offer greater ultimate resistance 
to pressure than to tension, and fiall by sliding or shearing. 
The surfaces of fracture are oblique to the direction of the 
load, the degcee of obliquity varying with the nature of the 
material (with cast iron it varies from 42^ to 32% according to 
quality). The fructure may take place at a single plane 
surface, or the block may be broken into pyramidal or wedge- 
shaped pieces, or both mixed, preserving the angle between the 
8ur£ftces of fr'acture and the direction of the load proper to the 
material. Most granular materials, as brick and stone, begin 
to splinter and crack when under less than their ultimate load — 
e.g,, brick begins to splinter at from one-half to two-thirds its 
ultimate load. Only the hardest materials, as very hard stones 
and cast iron, fail suddenly. Ductile and tough materials yield 
gradually by bulging untU they are pressed flat; their tenacity 
is generally greater than their resistance to direct crushing. 
The gradual manner in which such materials yield to pressure 
renders it exceedingly difficult to determine exactly their 
ultimate resistance to direct crushing. Fibrous materials, as 
timber, are crushed by buckling or crippling ; the pressure being 
directed along the fibres, they become wrinkled and separate 
from each other. The resistance to' crushing of such materials is 
generally much less than their tenacity. 

73. Tables of the strength of materials to resist a crushing 
force have been compiled from the results of numerous experi- 
ments made by different persons; the tabular numbers generally 
represent the ultimate resistance to crushing in pounds pressure 
on the square inch of transverse section, the specimen being too 
short to fail by bending, and free to expand laterally. If the 
lateral expansion be interfered with the resistance to crashing is 
increased; it is evident with perfect lateral support the material 
4xnild not be fractured by direct crushing. The modxy\»& <^1 
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resistance to crushing is somctimea expressed in height of a 
column of the particuJor material; this heiglit is that of au 
inolaCed column, in which crushing of the base would just com- 
nmnce by reason of the weight of the superincumbent mass. 
In other words, the shortest column which would not support its 
own weight — 8.y,,th6 modulus of cast iron is about 56,000 feet^— 
i.e., a column of that height would not stanJ, as the lowest part 
would be crushed by the weight of that above. 

74. Those bars or I'oda in a structure which resist pressure 
applied to them longitudinally, are termed elrult with respect 
to such pressure; they are necessarily practically inflexible. A 
column is a vertical strut. The strength of a column or strut of 
given material to resist longitudinal pressure.depends on tlip length 
of the strut compared with its diameter, on the form of its truns- 
verse section, on the mode of fixture of its ends, and on the 
direction of the prE'ssure with reference to its axis. The limits 
of length below which a column fails by crushing have been 
already stated (Paragraph 69); when the length exceeds 30 
diameters the column tails by bending and breaking across. 

75. The following laws apply to long stmts — i.e., those in 
which the length is at len.st flO dianieters if fixed, or 15 diam.'ters 
if hinged at the ends. These columns fail in the centre, but if 
the diameter at the centre be made longer, their strength may be 
increased about one-seventh to one-eighth, and fracture in this 
case no longer occurs at the centre. But if hollow, the increa.se 
of diameter must not be at the expense of the thickness of the 
shell; in this case the strength is not increased by expanding 
the centre. With ends firmly fixed, a column is three times as 
strong as with the ends rounded or hinged. The strength of a 
post with one end rounded, the other fixed, is an arithmetical 
mean between that of a column with both ends fixed, and another 
with both ends rounded or hinged. Hence the importance of 
securely fixing columns, and expanding them at the ends. A 
pillar of uniform section, fixed at both ends, is as strong as a 
similar pillar hinged at both ends, but of half the length. Pillars 
hinged at one end and fixed at the other break at a point about 
one-third of their length from the hinged end. If a fiat^ended 
pillar be pressed obliquely to its axis, its strength is only that 
of a similar pillar rounded or hinged at the ends; hence the 
great importance of placing pillars truly in the line of action of 
the load, of staying heavily loaded struts, of fixing topmasts 
securely in the caps by padding, &c. 

76. The strength of cast-iron solid cylindrical pillars varies 
directly as the 3'6th power of the diameter (d) in inches, and 
inversely as the l-7th power of the length (/) in feet, multiplied 
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hj a constant (e) = 14*9 tons with rounded ends, and >= 44*16 tons 
with flat ends ; or the formula — 

'^^'^Tm' 0*) 

For hollow pillars the formula is almost the same ; it becomes — 

«=^>< — jn — ; (2.) 

The difference between the 3*6th powers of the internal and 
external diameters is taken, the constant c^ is 13 tons for rounded, 
and 44*3 tons for flat-ended pillars. 

77. The following approximate formulae are deduced from 
Mr. Hodgkinson's experiments by Mr. Lewis Gordon : — 

p = strength of pillar in pounds ; 
s = sectional area in square inches ; 
I = length, and 
d = least external diameter, 

both in the same unit of measure. For columns with both ends 
fixed and of any material — 

P = -^^ (8) 

and with both ends rounded or jointed ; 

^ — ^; (4) 

/represents the resistance of the material to crushing, and is — 
1. For wrought iron, rectangular section, 36,000 lbs.; 2. cast iron, 
hollow cylinder, 80,000 lbs. ; 3. timber, rectangular section, 7,200 
lbs. ; and 4. for stone and brick, rectangular pillars, it is variable 
according to quality ; the crushing strength should be selected 
from the tables of resistances to crushing. In the four cases 
given, a is y^, ^, ^, and ^ respectively. The formulae 
given above apply to the forms very generally given to the diflerent 
materials named. 

78. The strongest form for metal struts containing a given 
quantity of matter is the hollow cylinder ; or for long thin strutsy 
a rod expanded at the centre into a parabolic spindle. Cast-iron 
odnmns are generaUy made in the hollow cylindrical form ; long 
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were tested the strength was increased to from 33,000 to 
36,000 lbs. per square inch. These results apply to cells of 
circular transverse section, but not to those rectangular in 
section when the sides of the rectangle are very unequal Small 
tubes are proportionately stronger than larger of the same thick- 
ness of material. 

82. There exists difference of opinion as to the length as 
compared with diameter at which breaking by cross-bending 
commences ; on the authority of Kankine, 20 diameters has been 
stated (Paragraph 69), as this length for dry wood, Sganzin 
states it at 8 diameters, and Rondelet at 10. According to 
Rondelet the strength of wooden pillars, in terms of the resistance 
to crushing offered by a cube of tlie material, is as follows : — 



Tiongth in terms of least 
diameter. 


Strength as compared with tl 
ofa cube of the material. 


12 
24 




•833 
•5C0 


36 




•33*3 


48 




•166 


60 
72 




•083 
•042 



Such statements must be regarded as approximate only, differing 
probably with the kind of wood ; the resistance of a cube gives 
a high figure for the resistance to crushing. The following table 
is calculated from Mr. Hodgkinson's experiments on pillars of 
Dantzig oak and red deal of square section : — 

Strength, K. to crushinz 
Material Length in diameters. - for equal cross sectional 

area being unity. 

D.O. 17 -553 

D.O. 274 -381 

RD. 29 -478 

R.D. 29 440 

D.O. 34-6 -407 

D.O. 37 -453 

D.O. 46 -227 

In the above table it appears there is a want of* agreement, and 
a difference between the oak and deal, which might have been 
anticipated. The column 17 diameters long did not fail per- 
ceptibly by bending, but to all appearances was crushed : the 
relative length so &r influenced the strength, that only about 
half the resistance to omshing was available to support the load ; 
a similar column 17'3 diameters long failed by both crushing and 
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bending. The state ments of Sganzio, Bondelet, snij Aankine may 
be probably reconciled as followB ; — WLen the leugtli is less than 8 
or 10 diameters, the whole Tesigtaiice of the material to crashing 
is available to support the load ; but when this relative length is 
exceeded, the resistance is less than the resistance to crushing, 
altliough up to about 20 diameters there may be no bending 
])ei'ceptible. Rondelet's proportiuna furnish a useful rule for 
rough calculations. A long pillar may bo regarded as a beam 
subjected to bending load : it bends and fails in the centre, unless 
the centre be made stronger tlisn the ends. The form of r 
jiarabolic spindle given to shear poles is that form most economi- 
cal in a beam supjjorted at both ends, and loaded in the centre. 

83. The pressure per square inch required to indent wood 
one-twentieth of an inch transversely is given below from experi- 
ments made by HatSeld (quoted by Anderson) ; — 

Lin. per 8iln*r« IdcIi. Sp-Owilr, 

Wliite Pine, ... 600 -SSS 

Mahogany, Bay-wood, . . 1.300 '439 

„ St. Domingo, . 4,300 -837 

Oak, 1,900 -612 

Aah, 2,300 -517 

The above is important in considering the pressure on fastenings, 

clamps, saddles, ic. 

84. The relative strength of pillars of different materials, 
deduced from experiments on long pillars with rounded ends 
(excepting in the case of red deal), is as follows : — 

Cast Steel, 2,618-0 

„ Iron, 1,0000 

Wrought Iron, 1,7450 

Oak (Dantzig), 106 8 

Deal, Red, 78-5 

85. Telegraph poles and masts fail almost invariably under 
excessive transverse strain ; considered as pillars they have a 
strength greatly in excess of requirements, and there is no 
necessity therefore, excepting in very exceptional cases, to 
att«nd to the distribution of the vertical component of their 
load. The vertical load on a pole is only the weight of the wire 
between the lowest points of the spans on both sides of the 
l)ost; Of, in the cose of a terminal post, between the post and 
the lowest point of the span ; it is the same for an angle post 
as for an intermediate post, and therefore but a small fraction of 
the ultimate load of the post considered as a strut. In the case 
of high masts, great care should be taken to fix the mast firmly 
and truly vertical (Paragraph 76). 
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Section III. — Resistance to Tension, 

86. The phenomena of fracture by direct tension are simpler 
than those of fracture by crushing. A tough rod subjected to 
tension first stretches throughout its whole length; when the 
proof load is exceeded, the elongation is much greater in pro- 
portion to the load thsm for loads below the proof load; the 
elongation of an iron bar may be doubled by the addition of one- 
eighth of the ultimate load, after the proof load has been exceeded. 
Short iron bars may stretch more proportionally than long ones : 
a bar 120 inches long stretched, with 32 tons per square inch, 26 
inches ; a similar bar 10 inches long, with the same load, stretched 
4*2 inches ; the elongation per unit of length was thus in the two 
cases as 1 to 2. Mr. Kirkaldy found this was not the case with 
every description of iron ; in some kinds the elongation was the 
same for long and short specimens. When fracture is about to 
occur, the stretching is not uniform throughout the length of the 
bar ; the part where rupture is about to take place is <&awn out 
and contracted transversely, and the bar fialls at its weakest 
section. Sometimes the bar is drawn out suddenly at two places, 
and in exceptional cases even at three. 

87. Brittle substances fail suddenly without presenting the 
phenomena of stretching exhibited by tough materials. The 
absence of indication when fracture is imminent is a source of 
insecurity when such substances are subjected to tension ; this, 
together with the fact that brittle, as compared with tough sub- 
stfmces, are deficient in tenacity, causes the employment of the 
former to be avoided in favour of the latter, when tension has to 
be resisted. 

88. The pieces of a metal bar broken by tension cannot be 
broken by a load less than that which broke the original bar. 
This has received two explanations: one is, the bar has been 
rendered stronger by being stretched, it being an ascertained 
fact that wire-drawing does increase the tenacity of the metal in 
the direction drawn; the other explanation is, the bar failed 
at its weakest section, and the unavoidable relative weakness of 
one part has saved the other parts frt)m deterioration. Mr. 
Lloyd's experiments on four successive breakages of the same bar 
gave— 

1st breakage, 23*94 tons 

2nd „ 25*86 „ 

3rd „ 2706 „ 

4th „ 29-20 „ 

The iron was good ductile quality : it stretched one-sixth in length, 
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ami was considerably reduced laterally. From the above it does 
not appear that the ultimate tenacity is reduced by the material 
being loaded with a load less than the ultimate load. Mr. 
Kirkaldy liaa observed that aorew bolta are not neceasariiy 
injured although loaded nearly to breaking point. 

89. The Btrtingtli of fibrous substances is greater along the 
fibres tlian perpcn<.licular or obliqtie to their direction: the 
numerical values given in tables are, unless otherwise stated, for 
tension along the fibree. This difference ia very marked in the 
case of timber; but in metals in which the fibrous structui-e is 
due to rolling, the difference of strength is very smnll, excepting 
in thin masses as plates. Rolled metaJ gives earlier notie* of 
impending fracture, and contracts more transversely nnder an 
ultimate load, in the direction in which rolled, than at right 
angles or obliqtie to that direction. In some cases there ia a 
difference of strength in iron plates, according to the direction 
in which strained. M. Wavier found a difference of about 10 jier 
cent.; the strength was 40-8 tons along the direction rolled, and 
niilj 364 tons across the fibre. Sir W. Pairhajm found the 
strength in the two directions almost the same, and he explains 
this by the different mode of piling the bars to make the piste. 
Mr Kirkaldy found puddled steel and iron plates stronger, and 
the contraction at the point of fracture greater, when the plates 
■were strained along, than when strained across, the fibres ; but 
the reverse was the case with plates of cast steel, thus confirm- 
ing Sir W. Fairbairn's observation. Wrought iron made by the 
Bessemer process, in the cast unliammered state had a mean 
strength of ]8'412 tons; a flat ingot of the same iron rolled into 
boiler plate had a tensile strength of 30'50 tons, the strength was 
increased by rolling in the ratio of 18to 32. The tenacity of metals ' 
is increased by wire-drawing; small-sized hard wires are there- 
fore projKirtionately stronger than large ; hence a stranded wire is 
safer than a single wire of the same weight per unit of length 
and same degree of hardness, and strand wire is preferred for 
town lines and long spans for this reason. Stretching metal 
under a tensile strain, wire-drawing, and cold rolling diminUh 
the specific gravity of the metal, increasing the tenacity, and 
rendering it more uniform. Binding a wire with a tight ligature 
determines its point of rupture ; the wire invariably breaks at the 
ligature, and is weakened by the binding. 

90. The ultimate resistance to breaking by direct and uniform 
tension offered by a bar or rod ia (as in the case of resistance to 
pressure) directly as the area of its transverse section; but the 
tension must be applied accurately along the axis of the speci- 
xaett, or the ultimate load will be considerably reduced. Air. 
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Tredgold calculated if the line of tension were removed from the 
axis to half the radius of the section, only one quarter of the 
strength would be available ; but Mr. Hodgkinson's experiments 
on similar bars of the same quality iron gave 7*5 tons along the 
axiSy and 2*6^ tons along the side, or rather more than one-third. 
The necessity for distributing the load so that its resultant may 
act along the axis of the bar is evident. When material is tested 
for its ultimate strength, the area of the fractured bar on which 
the intensity of the ultimate stress is calculated, is usually the 
original transverse area of the bar, sometimes this area reduced 
by the equal stretching throughout its entire length, and not the 
area of the section where the extreme and local conti-action has 
occurred, which immediately precedes fracture ; but, in such sub- 
stances as iron, the local contraction is an element the considera- 
tion of which is essential to a jiist conclusion concerning the 
mechanical value of the material tested. The elongation, under 
any load not exceeding the proof load, is evidently the intensity 
of the stress divided by the modulus of direct elasticity. 

91. In experiments on iron rods, the square section proved 
proportionately stronger than the round by 1 -4 per cent. Mr. 
Kirkaldy, in testing iron and steel, discovered that the lateral 
dimensions formed an important element in comparing either the 
rate of or the ultimate elongation ; and he found the ultimate 
strength materially affected by the shape of the specimen ; the 
strength was found much less when the diameter of the specimen 
was imiform for some inches, than when uniform for only a much 
shorter length. 

92. Those bars or rods in a structure which suffer longitudinal 
tension are termed ties. The efficiency of a tie is not impaired 
by flexibility. 

98. The modulus of tenacity is frequently expressed in length 
of the material, as in the case of resistance to pressure — e, g., if 
the ultimate tenacity of iron wire be 80,000 lbs. per square inch, 

and 12 cubic inches weigh 3*3 lbs., the length of the modulus of 
rupture is 24,000 feet or 4*5 miles — i. e., a wire of this length, of 
any thickness, if hung perpendicularly, would be about to break 
at its point of suspension by reason of its own weight alone. The 
modulus of tenacity is calculated on the assumption that the wire 
or rod is suspended in vacuo; if it be suspended in any medium, 
the modulus in such medium will be gi*eater than the madulus in 
vacuo, in a proportion dependent on the relation between the 
specific gravities of the material and the medium. If the specific 
gravity of the material be equal to or less than that of the 
medhuDy the modulus of the material in the medium will be 
infinite; or more correctly, the material has no finite modulus in 
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such medium. If the specilic gravity of the material be greater 
than that of the medium, then the material Buspesded in sucli 
medium has a finite modulus, and such modulus is to tUe 
modultia of the material ia vacuo in the ratio of the weight of a 
given voliimeofthemateriftl weighed in vacuo, to the weight of the 
same volume weighed in the given medium. This will be evident 
when it ia considered that the weight of the material forma the 
load — e. g., if iron weighed in vacuo have a specific gravity of 
7'7, then in water it would lose ^ of its weight, the modulus in 
water would bo to that in vacuo as 7-7 to 6-7; or it would be 
greater in water than in vacuo by ^ of its length in vacuo. 
Practically the density of the air ia neglected, it being bo much 
leaa than that of the materials, and almost invariably present; 
but when, as in the case of telegraph cables, the surrounding 
medium ia watei*, it ia necessary to consider the greater length 
of the mnUuluH due to the 8Ui>erior density of the me<1ium. In 
the case of B. t«legi-aph cable the term Toodvlue ia applied to the 
modulus of tenacity in waUr; as the cable ia intended to be 
worked ia water its modulus in air is not required. The terms 
practical and vx^'king modulus refer to the ultimate modulus 
divided by the proper factor of safety. The working modulus of 
a cable for use under water is the ultimate modulus in water, 
divided by a suitable &ctor of safety. The length of the modulus 
of tenacity expreased in the substance itself, b useful to the 
telegraph engineer in affording a mode of representing and 
expressing relations between strength and load in long spans 
ana cables to be laid in deep water. 

U. Theeffectsof temperature on the tensile strength of iron are 
not completely ascertained; there is a general opinion that at low 
temperatures iron is more brittle or weaker than at higher tem- 
peratures, but this opinion is not founded on accurate investiga- 
tion. Mr, Kirkaldy found wrought iron of superior quality had 
its strength reduced 3 or 4 per cent, by the lowering of its 
temperature below 33° F., the load being applied suddenly; but 
when the load was applied gradually the difference disappeared. 
The tensile strength of plates has been found uniform between 0° 
and 400° F. The best bar iron has been found to increase in 
strength up to 320° P., after which it diminished; but no dimi- 
nution of practical importance occurs up to a much higher 
temperature. The tensile strength of materials is not affected 
to an extent of practical importance within the natural ex- 
tremes of temperature experienced in temperate and tropical 
climates. 

05. Chains and other bodies of iron subjected to violent shocks 
and vibratioa become altered in structure ; they loso in time 
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their fibrous structure and become crystalline, weaker, and they 
ultimately fail. Sir W. Fairbaim thought the time requisite to 
produce fracture depends entirely on the intensity of the applied 
forces, the retardation or acceleration bearing some ratio to this 
iDtensity; the justice of this supposition is evident on considera- 
tion of the action of a load exceeding the proof load. The effect 
of annealing on iron the structure of which has been altered by 
shocks and vibration, is in a great measure to restore the original 
properties ; hence crane chains and similar bodies are periodically 
annealed to render them safe, while the screw shafts of steamers 
and similar bodies are often changed after having been in use a 
certain period, to avoid accident. The general effect of annealing 
is to reduce the ultimate tensile strength of iron, but to render 
it tougher, more ductile, and consequently safer under shocks. 
Brittle iron has a higher ultimate tenacity than softer metal, but 
the softer is obviously preferable for telegraph purposes, and for 
engineering purposes generally. 

96. Materials are commonly subjected to tension under the 
form of ropes and chains; if a rope be doubled round a pulley 
the doubled rope has twice the strength of the same roi)e used 
singly ; but if the rope be passed over a rod or bar, as when a 
filing is passed over a crane hook, the strength of the doubled 
rope is less than twice that of the single rope. The same pheno- 
menon is observed in chains: a chain having the links studded to 
l)revent their collapse under strain has only about two-thirds to 
seven-ninths the strength of an iron rod equal in section to both 
sides of the link taken together. The effect of the stud ia to 
distribute the strain more uniformly over the section of the link 
(Paragraphs 70, 90, 100). In flat link chains Sir Charles Fox 
found that no additional strength was gained by increasing the size 
of the chain link at the eye without adding to the thickness of tho 
eye ; and his experiments on links and bolts pi'oved tho following 
inile must be observed to attain the maximum strength with a given 
quantity of material : — The area of the semi-cylindrical bearing 
surface of the hole in the link, must be a little more than equal 
to the transverse sectional area of the smallest part of the body 
of the link; consequently, the bolts in such chains have to be 
made larger than the mere strengtli of the link would seem to 
indicate. The explanation of the phenomenon described is in the 
fact that a certain extent of bearing surface is necessary to pre- 
vent the stress being so intense as to injure one or both of the 
bodies in contact by pressure before the full tensile strength of 
the combination is reached. In the case of rope slings and 
ordinary chains this loss of tensile strength is unavoidable, and 
must be allowed for; but in chains with flat eyes and bolts, tho 

E 
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jiropGT proportions may be atbtined, and unless they arc there is 
waete. 

07. The quantity of work required to bveak b bur 1 iucli 
square in section, and 1 foot long by tensile strain, is termed 
Mallet's or Poncplet's co-oflieient. It dill'era from the resilieueo 
of the bftf, ns already defined in conaidering the ultimate load 
inxtcad of the proof load, and is equal to half the nltimate loud 
multiplied by tho ultimate elongation. It represents, as in the 
case of the resilience, the power of the material to bear shocks; 
but as in practice the proof load cannot be safely exceeded, the 
resilience appears more useful in jiractice. 



Secttior TV. — Sesistanes to Shearing. 

98. Shearing and jranching are not cutting, but detmsiv^e 
acLion, one part of the body being pushed otf the other part. 
Unlike cutting, the separation of the parts of a body sheared 
through takes place suddenly, as soon as the elasticity of the 
body sheared and that of the shearing body have been overcome. 
In cutting the separation is gradual, but in shearing the material 
gives way through its entire thickness at once, and the recovery 
from the strain takes place with a jerk. 

99. Tho resistance to shearing ia somewhat less than the tensile 
strength of a piece of material of equal sectional- area. 

100. In experiments on iron bars it was found — inclined Jiheara 
required less force to drive than jmrallel shears; flat bars required 
the same force to shear them with parallel shears, whether they 
were sheared flat or on edge; but with inclined shears and bars 
on edge 8 per cent., and on flat 26 per cent, of the force necessary 
with parallel shears was saved. The maximum resistance to 
shearing is offered when the stress is uniformly distributed over 
the section, and it is only with this condition fulfilled that the 
ati-ength is directly as the sectional area. In the case of riveting 
inetal plates togetlier, the rivets are made to fill the holes pre- 
pared for tlicm by the hammering tliey are subjected to to form 
the head; bitt when bolts or other festenings are used to connect 
the links of chains, or under any circumstances whicli require the 
bolt to be loose, or which render it possible it may wear loose, 
the stress is no longer equally distributed over the whole trans- 
verse area of the bolt; the maximum stress exceeds the mean 
stress in a proportion dependent on the form of section. This 

■ proportion It, for a rectangle %, and for an ellipse and circle ^. 
The sectional area should therefore be increased accordingly 
(Aragmp]! DG). 
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101. As will be shewn hereafter, sheariivg stress occurs in 
beams, but it requires to be provided stains t more generally 
in fastenings, as rivets, bolts, pins, screws, joggles^ &c., which 
connect pieces subjected to tension, pressure, &c When the 
resistance , to shearing offered bj the material connected is low 
compared with that offered by the fiastenings, there is a tendency 
rather to shear out a piece of the material than to shear through 
the fastenings; this case is presented when iron wedges, pins, 
&a, are used with wood, or hard wood joggles, wedges, <kc., are 
used with soft wood. 

102. Punching is the same action as shearing, but is applied in 
a diffei^ent manner. The resistcmce to punching has been found 
by experiment on iron plates slightly higher than the resistance to 
shearing, but less than the tenacity of a bar of transverse sectional 
area equal to the detruded surface of the metal punched. The 
laws stated above for shearing apply to punching : an inclined 
punch requires less force to drive than a flat one ; small punches 
driven by hand are, however, made flat, but the operation is not 
in this case strictly punching throughout. In timber the resist- 
ance to shearing is greater across than with the flbres. 



Section V. — Resistance to Torsion. 

103. Torsion or twisting is the strain to which shafts and the axles 
of wheels and pinions are subjected ; it is of much more general 
occurrence in machinery and millwork than in structures within 
the province of the civil engineer. A knowledge of the principal 
law« regulating the resistance of materials to this kind of stress 
is however essential, as it is liable to be produced accidentally; 
in some cases it is unavoidably present, and it is sometimes 
produced intentionally. The following are instances of torsion : 
— The tension of a wire acting at the end of a long bracket tends 
to twist the supporting post, and if the insulator by which the 
wire is attached to the bracket stand above the bracket, there is 
a tendency to twist the bracket. A mast is twisted when a yard 
is close-hauled, particularly when this is done with a jerk; hemp, 
wire, &c., are twisted in the making of joints and ropes ; rope 
fastenings are tightened, sometimes improperly, by means of a 
lover inserted in a loop of the rope to twist the rope on itself. 
Although generally referred to shafting, the laws are of course 
equally applicable to any other case in which there is a twisting 
load acting under similar conditions. Torsion produoos ultimately 
fracture by a kind of shearing. 
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104, The tvriating moment of a lotid is tUe moment of the pair 
of oifual and opposite couples, applied ut difiereiit 
points in the leiigtb of a bar, tending to twiist the 
portion of the bar lying between these points, fig, 1 2. 
It iR e^-ident tbe arc of toiriion is directly as the arm 
of the couples AB, the distance between them CD, 
and the load. With tlie ultimate load tho rod i* 
wi'cnched asunder. 

lOS. If a bar be twisted, the material BufTers more 
strain the greater its distAnce from the axis of the 
Fig. 12. bar, and the strain is not therefore equally distri- 
buted over the Bection; but in whatever layer tjin 
mean strain may lie, the ratio of tho distance of such layer 
from the axis to the diameter or radius of the section will be 
constant for the same form of aeotion. In a cylindrical rod, 
tlie layer which suSera the mean strain and rGsisla the load 
with the mean levei-age being at a fixed proportionate distance 
from the axis, the diameter may be substituted for such distance ; 
and it iimy be concluded that the advantage or leverage with 
which the matter of the shaft resists twisting is directly as the 
diameter of the shaft; the resistance is also directly as the 
quantity of matter strained, and hence as the area of the ti-ans- 
verse section; therefore, by compounding, the area being as the 
square of the diameter, and the leverage as the diameter, in a 
solid cylindrical shaft the resistance is as the cube of its 
diameter; and in a hollow cylindrical shaft, as the ditrei-cnco of 
tlie cubes of its internal and external diameters. The exti'a 
strength gained by arranging the matter in the hollow form is 
evidently due to the removal of the matter to a greater distancc 
from the axis, by which its strength resists the load with gi-eater 
leverage. A hollow rod is said to be three times as strong in 
resisting torsion as a solid cylinder containing the same quantity 
of matter, and of a diameter such as to just fit the tube. The 
square section is found to be one-fourth stronger than the con- 
tained circular section; but as the ai-ea of the squai-e is 1'7 that 
of the contained circle, and the leverage is greater in the square, 
while tho torsional strength of the square section is only 1'25 
that of the circular, it follows the circular section is the stronger 
form. This has been attributed to the fact that the corners of the 
squaro form projections unsuppported by intermediate matter. 
If any leverage be given to the load by causing it to act through 
fl lever attached to the rod or shaft, or through a wheel, the 
moment of the load or its efficiency to strain the shall will be its 
weight or pressure multiplied by the length of the leverage, or 
tie iradius of such wheel Tables of torsive strength give the 
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load (proof or ultimate), in pounds, of a rod of material having 
1 square inch sectional area, such load acting through a leverage 
of 1 foot. 

106. The torsional stiffness of similar rods, whether circular, 
triangular, square, or very long rectangles, is as the square of 
the sectional area, or, in other words, as the fourth power of their 
lineal dimensions ; in rectangular rods of uniform section it is 
inversely as the product of the cubes of the transverse dimensions 
divided by the sum of their squares. The stiffness of a shaffc is 
inversely as its length; for, if a length of 1 yard be twisted 
through '25° with a given force, 2 yards will be twisted through 
•25° + •25* = •5° with the same force, the total arc being the sum 
of the arcs through which each part of the rod is turned. In 
long shafts the angle of torsion is restricted below a definite 
limit of perhaps '25° per yard run. Thin rods subjected to 
torsion, as in shafting when long, require to be made thicker 
than the condition of torsional strength alone would indicate, in 
order to give sufficient stiffness — e. g.^ wrought- iron shafts of less 
than 4-5 inches in diameter may require to be made heavier than 
requisite for strength to have sufficient stiffness, but above this 
size the stiffness does not demand special attention, as the shaft 
is stiff enough if strong enough. Additional strength is given 
to shafting to allow for sudden variations of load, caused by 
.stoppage or starting of the machinery, &c. 

107. The ultimate resistance to torsion varies with different 
materials between 1 and 1*5, that offered to cross breaking. The 
ultimate torsional strength of several materials is as follows : — 



Steel, . 
Iron, wrought, 
Iron, cast, . 
Copper, wrought. 



1150 to 1900 lbs 
700 to 1000 
650 to 750 
400 to 450 



9> 



>l 



The comparative torsional strengths of several materials are — 

Steel, 16-6 to 19-5 

English iron, lO'l 

Swedish iron, . . . . . . 9*5 

Hard gun-metal, 5-0 

Fine brass, 4-6 

Copper, ....... 4*3 

Tin, 1-5 

Lead, 1*0 

The steel referred to is of different kinds — viz., shear, blister, 
Bessemer, &c., and high and mild qualities. 
108. Shafting is not made taper, but is thinned in steps to fit 
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pulleys of fixed sizes, theoretitwl accuracy bein^j sacrificed to odnA 
venipnce and ecouomy. In ntuking a rod subjected ta tofsion 
vary in thickness nt difl'erent parts of its lengUi,it is necessary that 
Gudden variiitions of thicknees b? avoided. If itsharpslioulderb« 
cut or cast on a sliaft, the sbi^ is weater nt tlie shoulder than at 
any point in tbe tliinnev portion, dr tbau a similar shaft ei^ual in 
thickness to the thinner part, for the elasticity of the thick and 
thin parts are not eqaai, and the struetuHi of the material is 
generally injurionsly atfboted by the formation of the shoulder. 
Hence shouldeiTi are not cut at right angles to the axes of shafts, 
but are rounded off so that the variation in tliickuess is less 
sudden, the thick itnd thin portions being conniicted by a seg- 
ment inclined to both these portions. 

100. In twisting wire and fibre to form rope, it is necessfti^ to 
avoid twisting the material so much as to injure its elasticity, 
and thus weaken it; this liiutt is often committed in wire rope 
made by hand for stays or guys. Wire is much weakened by 
being subjected to torsion; hence, in jiHyiuj; wire on cable cure, 
and in twisting wires into rope, it is necessary to avoid twisting 
the wires individually, whereby the tensile strength of the com- 
bination may be considerably reduced. In well made cables 
the wires are laid together witliowt being twisted individually, 
this being done in the machine by causing the wire-supply drums 
to revolve round the core. In making a wire rope, however, the 
twist by which the wires are made to act together must be dis- 
tinguished from the twisting of the individual wires; unless a 
certain obliquity be given t.o the wires with respect to the axis 
of the rope, the rope will be weak by reason of the stress being 
unequally distributed over its transverse section ; the same 
remark applies to ropes of fibre, as hemp. A laaluug of i-ope 
should, when necessary, be tightened by driving in a wedge, and 
not by inserting a lever and twisting the i-ope on itself; as tin- 
rope yams are twisted in the rope, an additional twisting in the 
manner described ia likely to weaken the rope by excessive 
twisting. But if a lashing be of fibi'e loosely twisted, it may be 
tightened by means of the twisting lever, and so tightened is less 
likely to work loose than if tightened by a wedge; while the 
pressure being more equally distributed, it may be employed 
where the use of a wedge is inadmissible. Wire lashing or serving 
should always be tightened by a wedge wlien pi-actieable, in pre- 
ference to twisting. 
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Section VI. — Resistance to Transverse Load, 

110. When a piece of material is subjected to a force which 

bends it, and ultimately breaks it across, it is said to be broken 

transversely ; and the load, strain, and stress are termed tra/ns- 

verse. Only crushing, and tensile forces are strictly longitudinal, 

and the several other modes of applying force to a piece of 

material are, strictly speaking, transverse; but bendmg and 

cross-breaking are termed so properly, and when transverse 

strength is referred to, unless expressly stated, resistance to 

shearing and twisting are excluded. A bar supported at two 

points, and loaded in a direction perpendicular or oblique to its 

length, is termed a beam ; and generally any rod subjected to a 

trans vers'e load, acts as a beam with respect to such load. A 

telegraph pole, strained transversely, and tied above the load, is 

analogous to a beam supported at both ends; an untied pole, 

loaded in the same manner, presents the case of a beam fixed at 

one en^. Laws of transverse strength are generally referred to 

horizontal beams under the action of vertical loads; but no 

difficulty can arise in applying them to posts or beams strained 

transversely, in which the conditions are only modified by the 

beam being vertical or inclined, instead of horizontal, the force 

acting at right angles to the beam's length ; in this case the 

diflference is due merely to the mode in which the weight of the 

beam must be dealt with in calculating the gross load. Tf a rod 

be subjected to a force acting obliquely to its length, then such 

force must be resolved into its two components, one acting at 

right angles to the beam's length as a bending load, the other 

acting in the direction of its length as a tensile or compressive 

load; and these must be considered separately as two loads 

acting differently. A beam may be supported at both ends, 

fixed at both ends, or fixed at one end only ; in the last case it 

is termed a cantilever^ and by some authors^ the term beam is not 

extended to the cantilever ; the term girder is applied in the 

■first and second cases only. For the sake of simplicity, the 

beam will be assumed to be horizontal, and the load to act in a 

vertical direction. 

111. A bar subjected to a transverse load is bent, one side of 
the bar becoming concave and the opposite side convex ; on the 
concave side the particles suffer compression, and the beam on 
that side is shortened; on the convex side the matter is sub- 
jected to a tensile strain, and suffers elongation. Between the 
part suffering compression and that suffering extension is a plane 
in which the length of the beam remains unaltered during the 
action of the load — this is termed the neiUral plane ; the Ime in. 
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wiiich this plftDP cuts any Bection of the beam is termed thfl ■ 
nfutral carta of that Bection. When a beam gives way by bend- 
ing and cross-breaking, the mat(>rtal is either crushed on the 
compressed side, or torn asundpr on the stretched side ; in 
general the lengtli of the beam is suth, compai'cd with its tliick- 
uesa (Paragraphs 09 and 82), that tlie oompreaaed aide, when 
fftilui-e takes pluce on that Bide, (ails rather by bucklijig tlmn by 
direct crushing. 

112. The resistance offered to deetniction in this manner at 
nuy cross section is the moment of the couple, consisting nf the 
thrust and equal and opposite tension. In. any cross section tho 
longitudinal sti'ess is at the neutral axin, and it increases with 
the distance from this axis to ita maximum at the upper and 
lower eilges of the section. 

113. The case of a beam loaded below ita proof load diffei-s 
from that of a beam loaded beyond its proof lond, in the relative 
areas of the parts into what the neutral axis divides any section. 
For loads Irss thau tlie proof load the resistances of the material 
to extension and compression are sensibly equal, and the neutral 
axis divides any transverse section into two parts equal in 
urea — i.e., the quantity of matter sufTeriiig compression is equal 
to the quantity suffering extension, and the neutral axis passes 
through the centre of gravity of the transverse section. With a. 
load exceeding the proof load, the resistance to compression and 
extension being no longer equal, the neuti-al a.tis divides tlie 
transverse section unequally ; and at the moment of fracture the 
ratio between the areas subjected to pressure and tension respec- 
tively, in any cross section, is invei-sely as the ratio between 
the ultimate resistances of the material to pressure and to tcn- 
sion^e.y., in a cast-iron beam, the resistance to pressure being 
six times the resistance to tension (approximately), at the 
moment of fracture the neutral axis would divide a transverse 
section into two jmrts having areas as 1 to 6 ; the area sub- 
jected to the ultimate tension being six times that subjected to 
the ultimate pressure. Only in a material having a compressive 
strength equal to its tensile strength would the areas above and 
below the neutral axis remain equal for loads exceeding the 
proof load. 

114. It would appear from the above that the resistances of a 
material to pressure and to tension being known, its resistance 
to cross-breaking may be calculated ; but in practice the resist- 
ance to cross-breaking is obtained by experiment, because cir- 
cumstances, the effect of which cannot be calculated, operate to 
modify the result — e.g., in cast iron instanced above, the casting 
being generally more rapidly cooled on the outside, cast-iron 
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beams are covered by a layer or skin of iron stronger than the 
internal iron, and, as will be shewn more fully below, this hetero- 
geneity causes the transverse strength obtained by experiment 
to differ considerably from that obtained by calculation from the 
tensile and compressive resistances, on the assumption that the 
material is homogeneous. 

115. The total longitudinal stress on each side of the neutral 
axis of a section is equal to half the load. The mean intensity of 
the stress on each side of the neutral axis is equal to the stress on 
that side, divided by the area. Generally in practice the stress 
at any point of a cross section may be assumed to vary uniformly 
and directly as the distance of the point chosen from the neutral 
axis; the position of the resultant stress then coincides with the 
centre of gravity of the figure on each side of the neuti'al axis, 
and is in amount equal to half the stress on the particles most 
distant from the neutral axis. From the above it appears the 
neutral axis is a fulcrum, pressure on one side of it being 
balanced by tension on the other. The efficiency of a particle to 
resist a bending load is greater the greater the leverage with 
which it acts — i.e., its distance from the neutral axis. It is 
evident the matter near the neutral plane is not so efficient as 
that more removed to resist bending, as it cannot be so readily 
strained ; for tlie extreme matter may be stmined beyond its limit 
• of elasticity before the internal matter has been strained up to 
that limit. Wooden beams are necessarily made rectangular in 
section; but in iron beams, the matter of the beam is concentrated 
as far as possible from the neutral plane, so as to attain the 
maximum strength with the minimum weight of material. Figs. 
13 and 14 represent sections of iron beams fulfilling this condition 
more or less perfectly : the matter is concen- 
trated in A and B, technically termed the 
flanges, the flanges are connected by C, the 
web. It is evident the whole bending stress 
is practically in the flanges, the functions of 
the web being to keep these apart, transmit 
the pressure between them, and resist shear- 
ing force (Paragraph 122). The whole 
matter of a beam acts with its maximum 
efficiency in resisting a load when the neutral plane is in the 
centre of the depth of the beam ; under a load less than the proof 
load this is the case in a beam with flanges of equal sectional 
area ; but when the ultimate load is approached, the resistance of 
the material to compression and extension being no longer sensibly 
equal, for the neutral plane to be in the centre of the depth, it is 
neoessarr in a flanged beam that the sectional area of the com- 
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pressed flunge bear to tb&t of tho ^stended flange a ratio utversaly 
proportioaul to tlie ratio oFtlie oomproBsive Btrengtli of tlie mnterial 
to its tenuile strength. Pig. 14 represents the aectioa of & cast- 
iron beam, in wliicb, the compressive strsuf^li of the material 
Iteing about aix times ita tenaile strength, the upper or compraBBed 
flange has only one-sixth the area, of the lower or extended flange. 
Aa beams cannot he Btminod in practice beyond their proof 
strength — i.e., their limit of elasticity, witliin which limit the 
resistances to compression and tension are equal, it has been 
contended with much reason that the flanges should be propor- 
tioned for working loada only — i. e., should be equal, rather than 
proportioned for the ultimate load, which in practice can never be 
imposed. 

116. The phenomena of cross bending being as described, it is 
evident if a solid rectangular beam be doubled in depth, ita other 
dimonsiona and arrangements of ita support remainijig the same, 
the strength to resist cross -breaking will be doubled, by reason of 
the quantity of matter being doubled ; and as this quantity of 
matter acts with twice its former leverage or efficiency, by reason 
of ita mean distance from the neutnil phinp being doubled, tlip 
strength will be four times that of the original beam — i.e., as the 
squares of the depths respectively. If the width of a beam be 
doubled, the other dimeasions, jkc, remaining unaltered, the 
quantity of matter in the beam is doubled- but this is simply 
equivalent to placing another and similar beam at the side of tho 
original one, the matter added does not act with any additional 
advantage, the mean distance of the matter from the neutral pluue 
remaining the same, in this case the strength of the original beam 
is doubled The strength of beams is directly as their width, 
being dire tly tl qu t ty f m tt trained, there being no 
access of s gth d tm asdfli vof the matter of the 
beam — and th q f th ir d p h. Another mode of 
demonstrat tl t tl t gth f a beam is directly as the 
width, and th q fid pth the following : — the 
strength f th 1 m t n} n is directly as tho 
moment of inertia of the cross section about its neutral axis ; 
this moment is for each point in the section directly a.^ the square 
of the distance of the given point from the neutral axis; the 
strength of the section is directly as the sum of the momenta of 
the points composing the section — i. e., aa the area of section 
multiplied by ita depth, or as the product of the width by the 
square of the depth. 

117. In flanged beams the web must be stiff enough to transmit 
the force without buckling ; as the load rests on the upper flange, 
the force is transmitted through the web to the lower fiangei the 
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web keeps the flanges apart, and acts as a short column. It is 
evident the web bears very little longitudinal tension and com- 
pression, these being mainly borne by the flanges ; but the necessity 
for stifihess in the web so far affects the distribution of material, 
that it places a limit to that thinness in the web by which depth 
is gained, and the matter required to resist longitudinal tension 
and compression is placed as far as possible from the neutral 
plane, where it is most eflective. In cast beams the calculated 
theoretical thickness of the web is exceeded, because great 
inequalities of thickness are not consistent with strength, from 
the difficulty in practice of cooling equally, large castings differing 
widely in thickness at different parts. 

118. At least two forces are necessary to bend a bar, and these 
two forces must act at different points in the length of the bar. 
In a beam these forces are the pressure of the load, and the equal 
and opposite pressure of the supports. The pressure of the 8ui>- 
ports tends to shear the beam through, being a shearing force ; 
both this and the pressure of the load are independent of any 
leverage, and act directly on the beam. The shearing force and 
the downward pressure of the load are necessarily equal; but 
while the force due to the upward pressure of the supports is 
greatest near the support, and diminishes towards the point of 
application of the load, the downward pressure of the load is 
greatest beneath the point of application of the load or its 
resultant, and diminishes to at the points of support. Tho 
shearing force and direct action of the load form a couple whose 
moment is termed the bending niomeTU, or moment qfjlexure of the 
beam, and is equal* to the product of one of the equal forces into 
the distance between them — i, c, the distance of the load from 
the support. In the case of a beam supported at both ends, the 
total bending moment may be considered as two couples, the load 
being conceived as divided between the two supports inversely 
as its distance from each support respectively. The bending 
moment is sometimes termed the moment of the load; it is really 
the moment of a couple of equal and opposite forces — viz., the 
upward pressure of the supports and the downward pressure of 
the load; it is the moment of the load about the outer point 
of support in a cantilever. In a beam supported at both ends, 
the load being conceived as divided into two inversely as the 
distances of the points of support, and the beam being conceived 
88 divided under the load to form two cantilevers, each loaded 
inversely as its length, the bending moment is the sum of 
the moments of the lolkda about the points of support respec- 
tively (Paragraph 16). The bending stress due to the action 
of the couple or couples, formed of the upward pressure of 
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the supjjorta, and the downward preasuro of the load, is resisted 
at ftuy section by the moment of the coii|ile, consisting of the 
thrust and equal and opposite teosion ou opjmsite sides of the 
neutral iLxis, as already described (Paragraphs 111, 112). 

119. The moment of a couple being directly aa the length of its 
arm, the advantage or lererage with ivhich a load ticts on a beam 
must be directly an the length of the beam; and tlie strength of 
a beam is evidently inver*eiij as its length, or tJie spun. 

120. The maximum shearing force in a beam fixed at one end 
and loaded at the other is equal to the load, and occurs close to 
the outer point of support; the shearing stress at any other sec- 
tion is directly as the distauce of the given section from the 
loaded eniL With a distributed load the shearing stress at ajiy 
section of a cantilever ia equal to the total load up to that section, 
measured from the outer end of the load — f. g., in a beam of this 
kind londed with 600 lbs. per foot, the sheai-ing force 3 feet from 
the commencement of tlie load would be 1500 lbs., four feet 2000 
lbs., and so onto the support, where it would equal the total 
load. The bending moment, being the shearing stress multi- 
plied by the length of the section measured as above, is a 
maximum at the outer point of support ; and the beam would 
break at this point with its ultimate load. 

121. In a beam supported at both ends the sliearing force 
is a maximum near the support-s, where it ia eqnal to the 
upwai-d pressure of the sui)port; and the total at botli supports 
is therefore equal to the load. The shearing force at any 
section is less as the section is farther removed from the 
support, and under the centre of gi-avity of the load it vanishes 
entirely. To find this force at any section, subtract the load 
between the nearer point of support and the point of section 
from the pressure on the support ; Ihe difference is the shearing 
stress at that section. In beams supported at both ends, the 
maximum bending moment is in tlie centre, under the load, when 
the beam is loaded ,in the centi'e; and iif the beam be loaded 
symmetrically the greatest bending moment will still be in the 
centre, where the beam would consequently break with its ulti- 
mate load. The bending being downward, the moment is of 
opposite sign to that of a beam fixed at one end, in which the 
bending is upward. It should be remarked, in a beam fixed at 
one end the maximum shearing force equals the load, and in a 
beam supported at both ends it can only equal the maximum 
l>resaure on one support 

122. The mean intensity of the shearing stress at any cross 
section is obtained by dividing the total stress by the area of the 
:section. The stress is nnequally distributed over the section, 
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being a maximum at the neutral axis, and diminishing towards 
the upper and lower surfaces of the beam, where it vanishes. It 
follows from this, in flanged beams the shearing stress is, practi- 
cally speaking, borne by the web. In rectangular and cylindrical 
beams the resistance to shearing is much greater than that to 
cross-breaking ; in cast-iron flanged beams the web is made 
stronger than necessary to resist the shearing action, because 
great inequalities of thickness render the casting weak; the web 
is made generally as thick as the top flange. In wrought-iron 
beams, in which the minimum of material required for strength 
can be attained, the resistance to sheaiing must be taken into 
account in assigning proportions to the web. 

123. If a load be equally distributed over a beam, it may be 
considered as concentrated at its centre of gravity — 6.»gr., a beam 
fixed at one end will bear double the load uniformly distributed 
it will bear if concentrated at the unsupported end, for the 
distance of the resultant of the load from the support is halved 
by so distributing the load. A beam supported at both ends will, 
for the same reason, bear twice the load evenly distributed it 
will bear concentrated at its centre ; it may be regarded as two 
beams supported at one end and acting together; the load may 
be considered as two loads, each half the total, and concentrated 
at one quarter the span from each support. If the load be not 
evenly distributed over the beam, then the bending moment, or 
the efiect of the load on the beam, will bo represented by the 
product of the two lengths into which the point of its application 
divides the beam, divided by the length of the beam, and multi- 
plied by the load. The distribution of the load is equivalent to 
altering the point of action of its resultant, diminishing the 
advantage or levei'age with which the load acts on the beam. 
The load which a beam will bear concentrated at any point in 
the beam, is to the load the same beam would bear concentrated 
in any other point, directly as the product of the lengths into 
which each load divides the beam respectively. 

124. For a beam supported in a given manner, it has been 
shewn that the strength varies as the width and square of the 
depth of the beam directly, as the length inversely, and according 
to the position of the resultant of the load; it remains to compare 
beams supported in different manners. If a beam be supported* 
at both ends and loaded in the centre, the upward pressure of 
each support will be equal to half the load; the maximum shear- 
ing stress will be equal to half the load; the maximum bending 
moment will be in this case half the load x half the span. In a 
beam fixed at one end and loaded at the other, the bending 
moment is equal to the whole length of the beam x the whole 
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load ; bonce, a. b(.-»<ii supported at both ends and liiftded io the 
middle is four times as etroag as a beam of the sume cross aectioa 
and span fixed nt one end and loaded at the otlier. The beam 
HU[i|>ortfld at both ends may be coniiidered in this case as two 
cantUeyere, cacli of half the span and liearing half the load. If 
the load be etinnlly distributed in each cose, the beam suppoi-ted 
at both ends will ittill be four times as strong as that supported 
at one end only, nii<l of the same len^h. A beam may he con- 
Bidere<l as a lever, and -the action of the load aad pressure on the 
supports evolvL'd accordingly. 

125. If a beam be fixed at e:ich end instead of being merely 
supported, the fixing of the ontis giVes the beam additioDul atiffc 
ness. As its ends cannot rise, its upper aurfnee near the suiipoita 
is rendered convex when the action of the load depresses the 
centre, the fibres in the concave aides sivSer preesui-e, and those 
;, tension; thus, ne.ir the supports the upper fibres 
BufTor tension and the lower fibres 
compi-ession, aiul in the oontro 
the reverse is tbe case, as in a 
beam only supported at both ends, 
the points A, B, fig. 15, dividing 
the curves, are termed points of 
contrary flexure ; between those 
points the case is that of an ordi- 
nary beam supported at both ends, 
A and B; the shearing stress is 
greatest nt A and B, and at these 
points there is neither pressure nor tension within the beam, but 
simply shearing stress; between each of the points of contrary 
flexure and the nearer support, the case is that of a beam fixed 
at one end and loatled at the other, and tho shearing force is a 
maximum close to the support. Such a beam of uniform section 
should theoretically break at tjie ends, or in tliroe places at once— 
viz., in the centre and close to each support, but never in the 
centre only. It has been contended that the fixed beam has 
twice the strength of a similar beam merely supported, because 
it may be regarded as having the strengtii of two fixed benms of 
half the span carrying half the load, in addition to the strength 
of the same beam merely supported at both ends, and that this 
much sti'ength is necessarily used up in fracturing the beam in 
three places; but it has also been contended that the stmn of 
the fibres at the centre is much greater than at the supports, and 
that only half tho force is used up in OLUsing the two end 
ft-actures, as in causing the fracture at the centre; therefore tho 
Ivam with fixed ends is only half as strong again as the samo 
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beam would be if merely supported and loaded in each case in 
the centre. The fixed beam may be conceived to be divided into 
three parts by the points of contrary flexure, each part acting as 
a separate beam ; the parts near the supports are beams fixed at 
one end and loaded at the other, the load being attached at, and 
acting through, the points of contrary flexure; the central segment 
of the beam forms a small beam supported at each end by its 
attachment to the side portions. It is evident in the case sup- 
posed that the action of the load will depend on the positions of 
the points of contrary flexure ; let these points be situated at one- 
fourth the span from the supports, the central part will be one 
half, the side parts one quarter the original span; the centre part 
considered as a beam will, having half the original span, bear 
double the load the centre beam would bear if merely supported ; 
each of the side segments beiijg one-fourth the original span will 
bear the same load as the original beam supported at both ends 
and loaded in the centre ; hence the two together are twice as 
strong as the original beam so supported and loaded, and are 
together as strong as the centre segment; therefore the beam 
w3l fail at three places at once with its ultimate load, the three 
segments being equally strong. If the points of contrary flexure 
were nearer the supports than one-fourth of the span, the central 
segment would be weaker, and although the side segments would 
be stronger because shorter, the beam would fail in its weakest 
place (the centre), and would be less than twice as strong as if 
merely supported. This case cannot occur if the ends are 
properly fixed, for the side segments must in this case be at 
least as stiff* as the centre. If the points of contrary flexure 
were nearer the centre than the supports, then the side segments 
would (considered as small beams) be increased in length, and 
their resistance would be diminished propgrtionately; in this 
case the fractures would occur at the supports, and the whole 
beam would be less than twice as strong as a similar beam 
merely supported at the ends and loaded in the middle. From 
the above reasoning it is concluded the maadmum strength of a 
beam fixed at the ends, loaded in the centre, and uniformly stiff 
— i.e., of uniform section, is twice the strength of a similar beam 
similarly loaded but merely sui>ported at the ends; and the 
maximum advantage due to fixing the ends is only obtained 
when the fixing is perfect, a condition difficult to Rilfil. The 
above conclusion agrees with the results of the most recent 
mathematical investigations, and is that generally accepted ; 
some authors, however, state the strength of the fixed beam as 
low as once and a half, others as high as three times that of the 
merely supported beanu In bridges, thb girders are fixed by 
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being made continuous tma Im^ lu Im}'. If a tulegntph mast b 
fixed in the groua<l aud guys bo atUoticil ^ Uiv top, it reabt« k ' 
tntDsverae strain ss » b^ua; bat for Uin bottom to be ivgarded 
AS fixed it is neoessary it I)o set in mtMtniy or brickwork, 
because the dist&ucc to which anek posta are bnried, and the 
resistance of the etirtb neur ilia snrfiw* are so stunll, thnt no 
appreciable increase of nsLdanoe oin ba oftlcaUted on wttli 
certainty aa due to fixing in tiM earth. Even in brickwurk or 
masonrr the tLxinj ia geoerallj far bom perfvet, psrticul&rly 
when the joints are new or bwe dot«riorHted. A tclegrapti 
pole or most stayed from the top and fixed in eortfa only, when 
aubjected to transverse stmn, must be regarded aa a beam 
Buppurtvd at each end. If a mast have two tiers of «tays, it not 
only resists a transverse load belter by reason of its being divided 
into t»o beams each of ludf the Bpan, it oflVi-a « stiU grentf' 
resistance, for it ptY'senla a case like that of a girder coutinutrt 
over two lays; on« st^ment cannot be strained without stTaiiua„ 
the other, and thero is conaequently an increase of stren^h dne 
to the increased resistance to flexure. A.t mnsts taper upwards, 
and are not therefore uniformly stift' st I'adi seciion, the stays 
should not diviile the mnst into equal bays, but the length of 
each segment into which the attachments of the stays divide the 
mast, should be directly as the stilfne.ss cf the segment; thus, 
thei-e should usually bu a greater distance between the ground 
and the first tier of stays, than between the first and second 
tiers. Sometimes in a timber mnst the positions of the stays are 
necessarily decided by other cousidei-ations, as the height of the 
mast-head or the [wsition of a joint in the timber. 

126. It is evident if a telegraph pole be regarded as a beam, 
its stivnglli will be invei-sely as its height, directly as its width, 
and as the square of its depth ; while, if stayed from the top, its 
strength will he increased at least four times, even if the attun- 
ing furce be applied at the centre of its length. It is evident 
that a rectangular post should be placed with its greatest trans- 
vei'se dimension in the direction of the greatest tia^nsverse 
strain — e.g., in angle or terminal posts the greatest transverse 
dimension should bisect the angle or be in the line of strain 
i-espectively. From the above it is evident a post may generally 
be strengthened ti'an aversely cheaper by staying than by 
increasing its dimensions, and thereby adding to the quantity 
of material, cost of carriage, ic. ; but if the transverse dimen- 
sions have to be increased by increasing the depth only when 
admisslhle, the additional material is applied to the greatest 

127. The beams referred to aibove b.t« aQ^A TQ<itangalar beanasi 
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the strength of cylindrical beams follows the same laws, being 
inversely as the length, and directly as the cube of the diameter. 
In a square beam, the width and depth being equal, these quan- 
tities may be considered together, and the cube of the depth or 
width may bo substituted for the square of the depth multiplied 
by the width. The strength of a cylindn al beam is to that of 
a similar beam of square section of equal sectional area as 845 to 
1000. The strength of a hollow cylinder or tube is to that of a 
solid cylinder of equal sectional area — t.e., containing the same 
quantity of matter, as the difference between the fourth powers 
of the exterior and interior diameters, divided by the exterior 
diameter of the tube, is to the cube of the diameter of the solid 
cylinder. The strength of hollow uniform tubes, welded in lieu 
of being riveted, having circular, elliptical, and rectangular 
sections, was found to be as the numbers 13, 15, and 18 respec- 
tively ; the material of which such hollow beams are made is 
generally wrought iron, and experiments on the strength of 
such tubes have been confined to that material. It is manifest 
from the above that masts are stronger with butt or welded 
longitudinal joints than with lap joints, because in jthe latter 
case the correct cylindrical form is necessarily departed from. 

128. Beams are sometimes made in the form of tubes, the top 
of the tube corresponding to the compressed flange, the bottom 
to the extended flange, and the sides to the web, in the flanged 
girder; in such beams, when of very large size, the top and 

' bottom are generally formed of a series of cells rather than of 
one piece — such a girder is termed a tubular girder; when the 
tube is smaller, and not cellular at the top and bottom, it is 
termed a box girder. Girders are sometimes made of a top and 
bottom flange, connected by lattice work formed of bars or strips; 
these strips form the web, and they are placed at an angle of 
45° with the flanges, as this is the angle at which the shearing 
force tends to fi*acture the web. Telegraph and signal poles 
have been made combining the lattice and box girder principles ; 
they are of square section, the comers are formed of angle irons, 
and the sides are filled in with curved flat iron. The idea 
is ingenious, but the flat metal being curved, and being placed 
with its width horizontal instead of vertical, the post is not so 
strong as it would be if the flat iron were placed on edge and in 
angles rather than in curves. Poles have also been designed 
strictly in accordance with the principles laid down, the comers 
being of angle iron, and the sides filled in with lattice work pre- 
cisely like that in lattice girders. 

129. Flanged iron beams are not used as a rule in telegraph 
practice; when iron posts of any special form are eroployed<^ Ul^ 

F 
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Hti-enf^th is more easily end certainly decided by experiment, the 
maker sliould in sucli case understand the traasverse strain the 
post should resist st its Bumuiit, or at a given height from the 
ground. No general rule can he given for detormining the 
strength of a flanged beam of any form; esporiments have to be 
ninde on each form of section, and thus a separate role deduced 
for each form, by means of which, iroia the data obtained by 
experiment, the strength of similar beama of different dimenaious 
may be ascertained by calculation. The rales fur some of the 
commonest forms of flanged beams are given in Paragraph 331. 
The shearing force, its distribution, and the bending moment, 
may be found as described above; these particulars being inde- 
pendent of the form of section of the beam, the principles are 
applicable to beams of every form. The strength of Uttioo girders 
made up of top and bottom flanges, or booms, connected by lattice 
■work of bars at i5° to the booms, may be calculated without 
sensible error by considering the tension and pressure borue 
entirely liy thi' lliiiii.'c,s. and the shearing force by the lattice web. 

130. lu i-Mliiiliiliiij; t)u> strength of beams which are pierci.-d 
for bolts, rivets, or similar fastenings, it is necessary to deduct 
the area of such fastenings from the area on which the transverse 
strength is calculated, if such fastenings are inserted in the por- 
tion of the beam suffering extension; but when fastenings occur 
in the compressed part of a beam, if the fastenings fit the holes 
made to receive them, they do not weaken the beam appreciably, 
for they offer the resistance which would have otherwise been 
offered by the original matter removed in making the hole. In 
riveting or bolting braekets or insulators to bridge girders, in 
boring poles subject to transverse strain for fastenings for ties, 
brackets, &c, in cutting mortises in beams and poles subject to 
transverse strain, and in all similar cases, the hole or mortise 
should be cut in the compressed part of the bar, and the bolt or 
tenon should fit well. 

131, In increasing the strength of a beam by increasing its 
depth, it is necessary to join the pieces in such a manner that 
they cannot slide on each other when strained; for if two equal 
rectangular beams be placed together to form one of twice their 
common depth, and they be so connected as to act as one piece, 
the combination will be four times as strong as either taken 
separately, the strength being as the square of the depth. But 
if the two beams be simply placed together, when strained they 
will slide on each other like the plates of a carriage spring, and 
the combination will be only twice as strong as each beam sepa- 
rately. Telegraph poles are sometimes coupled in pairs when 
required to resist considerable transverse loads; in this case tho 
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axes of the posts are placed in the line of direction of the load ; 
and it is evident if the posts be joined so as to act as one post of 
twice the depth, the combination is four times as strong as either 
post by itself. Telegraph poles when coupled are usually sepa- 
i*ated by short struts, which keep them apart, and give a still 
greater increase of depth; in this case tlie combination is as 
strong as if the space between the posts were filled with solid 
matter, in fact this combination acts like a flanged girder. With 
the short distance between the posts generally allowed, the com- 
bination is about five times as strong as a single post; but to 
gain this advantage the straining force must act truly in the 
plane passing through the axes of the posts, and the connection 
between the posts must be such as to make them act as one piece. 
The latter condition is seldom fulfilled by iron posts coupled by 
clamps; in this case diagonal braces should be used to divide 
the plane between the axes of the posts into triangles, as in the 
lattice girder, in order to gain the maximum advantage from 
the inci*eased depth. 

132. As the bending moment or leverage with which a load 
acts on a beam is greatest in a cantilever near the support, and 
diminishes to under the load, and in a beam su])ported at both 
ends greatest under the load and vanishes at the support, it is 
evident that equal strength is not required in every part of a 
beam's length ; if therefore, a beam be uniformly strong through- 
out its length, there must be excessive material, in the cantilever 
towards the load, and in the beam supported at both ends near 
the support. Experiment proves this, for if uniform in section, 
the cantilever always breaks at the support, and the beam sup- 
ported at each end under the resultsuit of the load. If the 
strength of a beam were so adjusted as to be at every cross 
section proportionate to the leverage of the 
load at that section — t*. e., to the bending 
moment at that section — then the beam 
would no longer tend to break always at 
the same place, but it would theoretically 
fail at every section simultaneously. Let 
AB (fig. 16) represent a cantilever, fixed 
at A, and loaded at B; as the bending 
moment or effect of the load is greatest at 
the end A, and diminishes towards B, it is 
evident the beam may be made thinner as 
B is approached, without in any way dimi- 
nishing its power to support the load — i, e., -pig^ i^ 
there is a waste of material if the beam be 
of uniform section from A to B^ and the beam if unifonn is really 
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weaker than the same team mode thinner townrds B, becanse 
the weight of the material of the beam forms part of its load 
(Paragraph 61), nixl the removal of all such matter as doea not 
increase Ktrength leaves n larger margin of strength to bear an 
external load. Part of the material of the cantilever may there- 
fore be ao removed as to diiuiniah the depth gmdually towards 
B, the width remaining the same, fig. IC ; in this case the square 
of the depth at any section must be proportionate to tlie distance 
of the section from A; the lower surfiice of the beam should be 
curved, and the matter below the dotted line in the figure 
removed. The curve is a parabola, and one-third of the material 
of the beam may be removed without impairing its strength. 
The upper instead of thelowersui'faceof the beam may be curved 
in the same manner with the same result. 
For a uniformly distributed load, the depth 
only being varied, the longitudinal section 
of the beam becomes a triangle with its apex 
at B. Instead of varying in deptli, a canti- 
lever may vary in width, the width being 
Fiff 17 made proportionate to the bending moment 

at each section ; in this case, with the load at 
B, the plan of the beam is a triangle with its apex at B; with a 
uniform load the plan is two parabolas touching at B, fig. 17. 

133. A beam aupiwrted at both ends may have its width or 
depth varied in a similar manner, according to the mode of 
application of the lojid ; for a load coucentrated at any section, 
the product of the width into the square of the depth at each, 
section must be made proportionate to the distance of the section 
from the adjacent point of support. If the depth be constant, 
the width being varied, the plan of the beam becomes two tri- 
angles having tSeir common base under the load, and their apices 
at the points of support; if the depth only be varied, the longitu- 
dinal section presents two parabolas meeting under the load, and 
having their vertices at the points of support. With a uniformly 
distributed load, the product of the width into the square of the 
depth at any section being made proportional to the product erf 
the distances of the section from the points of support, the 
longitudinal section with constant width is an ellipse; and the 
plan, the depth being constant, presents a pair of parabolas 
having their vertices in the middle of the length of the beam, 
and their common base in the middle of its width. From the 
above it appears a beam may he made sharp where the bending 
moment vanishes, but this cannot be done, because the shearing 
force must be resisted; hence the bearing surface of the beam 
ninst be sufficient to resist the shearing force, irrespective of its 
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resistance being proportioned at each section to the bending 
moment. For this reason, in practice beams are made extended 
at the bearings to resist the shearing force and to prevent the 
beam turning. In practice the taper is not always confined to 
one dimension; in some cases both the width and depth are 
varied in order to proportion the strength of the beam at each 
section to the moment of flexure, the total variation being 
divided between the width and depth. Long crane jibs and 
shear-leg poles are bent like beams, and the best form for these 
is that of a parabolic spindle; this is the form a beam would 
assume if its cross section were circular, and its resistance at 
every section made proportional to the bending moment. Some- 
times a conical spindle is used, as approaching the parabolic form 
near enough in practice. In such a beam the ends should have 
two-thirds the area of the greatest section. The variations of 
width, depth being constant, are applicable to flanged girders of the 
T and double flanged sections. The tapering of beams is of great 
importance in metal beams, particularly when of great weight, as 
there is a proportionate saving in expense of manufacture and 
carriage, and additional available strength. Timber beams may 
be strengthened by adding smaller timbers, so as to increase the 
depth proportionately to the bending moment at each section, 
such practice being much more economical than adding to the 
thickness of the beam throughout its entire length. 

134. Telegraph poles subjected to transverse strain should not 
be uniformly strong throughout their length : a pole flxed in the 
ground and unstayed should diminish in strength towards the 
top, and should have about two-thirds the strength at the point 
of application of the load it has at the base. The proportions 
of tied and strutted poles should also be regulated by the 
principles stated for beams. If an unstayed pole be too much 
tapered it will break with its ultimate load above the ground 
line; the proportions should place the breaking point at the 
ground line; therefore a timber post should not have a less 
cross sectional area at the point of application of the force than 
about two-thirds that at the ground line. A post if too weak 
should be strengthened in accordance with the above principles, 
by the addition of material, not necessarily through its whole 
length, but distributed proportionately to the bending moment 
at each section. It should be remarked, in iron-plate posts of 
large size, if the plate be very thin compared with the diameter 
of the tube, the tube is stronger as its diameter diminishes; 
therefore, as the diameter of the tube decreases upwards, the 
gauge of the plate may be reduced where less strength is 
required. Thus, a mast in which the lowest segments are of 



PBlNCIFUtS OF HTBENOTH AND BTABILITT. 

J-incb plato, may have upper segments of J-inch plRt« with 
advantage, both on account of the smnller diatnete^r of the upper 
seguienttU tubes, and by reason of the bending moment bein^ 
less above thaJi below. 

135, The laws of strength in beams have been stated vithoiit 
reference to the weight of the beam ; but the weight of the beam 
itself, when acting with the load, must be added to the eitt^mni 
loud to form the gross load, to bear which the strength of the 
beam must be proportioned. If the weight of the beam be smuU 
compared with the external load, as in short timber beama, tlie 
weight of the beam itaelf is neglected; but in heavy metal beams 
the weight of the beam cannot be neglected with safety — e.;/., 
a cast-iron beam may use Up one-fourth of ita available strength 
in bearing its own weight. It is usual to design the beam pro- 
visionally to bear the external lo«d only, then to calculate the 
weight of the beam, and increase the strength to bear the gross 
load, if the weight of the beam compared with the external load 
renders such increase necessary. In the case of % telegraph pole 
subjected to a transverae load, if tbo pole be vertical iind the 
direction of the load horizontal, the weight of the post forms no 
part of the transverse load. 

136. If a beam be inclined to the load, as in figs. 18 and 19, 
the lines A B perpendicular to the load represent the reduced 




span on which the tr;insverse strength of the beam should bo cal- 
culated; in fig. 18 the inclined beam is strong'sr tlian abeam of the 
same length perpendicular to the load in the ratio AC : AB, the 
effect of inclining the beam being to reduce the span. For 
example, if CA, fig. 18, represent a post loaded at A, the resist- 
ance of the post would be that of a similar cantilever of length 
AB, placed in the lino AB. If fig. 19 represent a beam sup- 
ported at each end, and loaded in the centre or elsewhere, its 
resistance is that of a beam of similar section perpendicular to 
the load and equal in span to AB. The case shewn In fig. 18 is 
presented by an angle post, the tie or strut of which ha.^ been 
Accidentally removed; the post then gives to the load, until, by 
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reason of the decrease of leverage to AB, the compression of the 
earth, and the slacking of the line, equilibrium is established 
between the forces acting on the post. It is evident in the cases 
considered the load may be resolved into two components, one 
acting in the direction of the beam, and one at right angles to its 
direction ; the former component only producing bending stress, 
the latter producing pressure or tension in a cantilever, or pres- 
sure towards one support and tension from the other, in a beam 
supported at both ends. 

137. The transverse strength of different materials is obtained 
by experiment; the numbers given in tables of transverse 
strength signify the ultimate load in pounds acting in a direction 
at right angles to the beam^s length, concentrated at the centre 
of a bar of each kind of material 1 inch wide, 1 inch deep, and 
supported on supports 1 foot apart. With the data supplied by 
such a table it is evident the strength of any beam of simple 
form of section, given dimensions, arrangement of supports, dis- 
tribution of load, and nature of material, may be readily calcu- 
lated approximately from the principles enumerated above — the 
constants being used with caution, and experiment and observa- 
tion being pre&rred when attainable. 

138. The deflection with a given load of any point in a beam 
is the displacement of that point from its position when the 
beam is unloaded ; the deflection of the beam is that of the point 
in it which suffers greatest displacement. When the load is less 
than the proof load, the deflection of a given beam is nearly 
proportional to the load ; but when the proof load is exceeded, 
the deflection increases irregularly, and in a greater ratio than 
the load is increased. For loads not exceeding the proof load : 
The deflection of solid rectangular beams of the same material, 
and under equal loads, similarly distributed, varies directly as 
the cube of the length, and inversely as the width and cube of the 
depth. The deflection of solid cylindrical beams is directly as 
the cube of the length, and inversely as the fourth power of the 
diameter. The deflection in flanged girders is directly as the 
sum of the areas of the cross sections of the flanges, as the cube 
of the length, and inversely as the product of the areas of the 
cross sections of the flanges and the square of the depth of the 
web. Stated generally, the deflections of similar beams of the 
same material, under equal loads, similarly distributed, are 
directly as the cubes of the lengths, and inversely as the 
breadths and cubes of the depths. 

139. Under proof loads, the deflection of similar beams of the 
same material is as the squares of the lengths, and inversely as 
the depths, the loads being similarly distributed. 
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HO. Ttie deflection of a, beam fixed at one end and loaded 
at the otlier ia ei^ual to tliat of a beam of tbe same material 
and section, supported at both ends, of twice the length, bear- 
ing double the load at its centre — i.e., a cantilever loaded at 
the end ia deflected sixteen times as much us the Rame beam 
would he deflected, if supported at botli ends and loaded in the 
centre witli the arnne load. 

141. If tbe load be uniformly distributed over a beam sup- 
ported at both ends, the deflection is only five-eightha that 
which the same load would cause if concentrated at the centre 
of the same beam. The deflection of a beam fixed at one end, 
&nd uniformly loaded, ia three-eighths that the same load woald 
produce if concentrated at the end of the same beam. 

142. If a beam be bent beyond a certain point, its elasticity ia 
injured, a sensible permanent set is ]iroduced, and the beam is 
weakened ; if the api)lication of the exoeasivo load be re|>eated, 
the beam will sooner or later fail. It ia necessary, therefore, 
that llie di'tleetiuij of ii beiim ncviT be allowed to exceed o 
certain proportion of the span ; this proportion is, for timber 
about j4ii> ^'^^ '''°'' T30' ^i^ught iron and steel yj^ ; if these 
proportionate deflections be exceeded, a permanent aet ia pro- 
duced. In practice the deflection varies for the proof load 
between jjj^ and jjj, and for the working load between -g^ and 
I j^jip of the span. The necessity for limiting the deflection, and 
the fact that rigidity decreases in a greater ratio than mere 
strength, renders it advisable in designing beams to decide upon 
the depth necessary to give the required stiffness, and then pro- 
portion the width so as to give the necessary strength ; this is 
the order generally followed. 

143. The deflection in any particular case may he calculated 
from the constants given in the following table : — 

Elm, \^^0 

Larch, 2,437 

Pitch Pine 2,837 

Eiga Fir, 3,079 

Beech, 3,133 

Oak (English) ;J,359 

Mahogany (Honduras), .... 3,571 

Ash, 3,807 

Deal (Christiana) 4,176 

Eed Pine, 4,2.59 

Deal(Memel), 4,500 

Iron, Cast 41,740 

„ Wrought (SwedUh) . . . 64,221 

Steel, Bammered, 78,822 
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The constants for wood are given on the authority of Messrs. 
Barlow and Tredgold respectively, that for cast iron on the 
authority of Mr. Banks, and the last two on that of Mr. Kirkaldy. 
In practice the amount of deflection should be obtained, if 
possible, by experiment or observation of similar girders of the 
same material. Constants should be applied with great caution 
(Paragraphs 67 and 299). 

144. By means of the following formulae may be calculated the 
strengths and deflections of beams of simple forms. Let /, b, and 
d represent the length, breadth, and depth of a beam respectively, 
to its ultimate load, c the constant of transverse strength for the 
particular material — this constant being the ultimate load of a 
bar one inch square in section, supported at points one foot 
apart, and loaded in the centre ; m, a factor dependent on the 
arrangement of supports ; m^, a factor dependent on mode of dis- 
tribution of load ; then 

cPxbxcxmxmi 

«.= J 

fn = l for a beam supported at both ends, and } for a beam fixed 
at one end; 

m^ s= 1 for a load in centre of beam supported at both ends, or at 
end of cantilever ; and 2 for a load equally distributed ; 

V), divided by a suitable factor of safety, is the working strength. 
If the ends of the beam be fixed, instead of supported, a factor 
9712 should be introduced into the second member of the equation, 
the maximum value ^2 can have is 2. Let x be the constant of 
deflection ; this constant is the quotient of the ultimate load in 
pounds by the ultimate deflection in inches, the bar being one 
inch square in section, supported on supports one foot apart, 
and loaded in the centre — a table of these constants is given 
above, Paragraph 143; c^ the deflection in inches, and to^^ the load ; 
n, a &ctor dependent on the arrangement of the supports, and 
fii, a factor dependent on the mode of distribution of the load ; 
then, under a load not exceeding the proof load — 

^Pxv>i xnxfii 
^" bxcPxx * 

With both ends supported n=l; with one end fixed n = 16; 
with the load in the centre of a beam, supported at both ends or 
at the end of a cantilever, rtj = 1 ; when the load is evenly dis- 
tributed njsf for a beam supported at both ends, and^fo^ ^ 
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cwitilever. If a beam be firmly fised at both ends the deRection 
is reduced to one-lifth of that of a merely supported beam. The 
above foruiiitm ap|>ly to rectangnlai' aad cylindrical beams; tlie 
constants apply to beams of square eectioD, and must be multi- 
plied by }? to render them applicable to beams of circular section. 
The formula! are u[iplicable to btmms of any section, but not the 
constants; heuce siiutiar beams of any given form of section mfty 
be compared by means of the formula) ; and their strength and 
<leflection may be iiscertained, if the constants be previously 
ascertained by e.iperiment for the particular form of section. 
The tbllowing is a more genoi'al rule for ILnding the deflection of 
R beam; — 

■ — modulus of elasticity of the material ; H 

I — moment of inertia, of the section of rupture, or of the sectioa 
of the beam if of uniform section (Paragraph 32}. 



CHAPTER III. 

OHSEBAL PHISCIPLES OP EQUrLIBRIUU AND STABILITY. 

Section I. — Frames. 

145. A STBUCTUBE is composed of solid materials, which may be 
either stiff, as stone, wood, ic, or loose, as earth, sand, ic, 
the pieces of material being put together ao aa to preserve 
the Ibrm of the stnicture and arrangement of its component 
pieces, under the conditions to which the structure must be sub- 
jected while fulfilling its purpose. The several solid bodies com- 
posing a structure are termed its pieces ; the surfaces at which 
the ])ieces touch each other and are connected together are 
termed joints. If the structure be fixed relatively to the earth, 
the portion of the solid matter of the earth which immediately 
supports it is termed its foundation. 

146. In order that it may fulfil its purpose permanently and 
eSiciently, a structure must possess due utahility, strenglJu, and 
*"^idf(i/. Stability conaiata in the forces acting on the structure 



STABILITY, STRENGTH, AND RIGIDITY OP FRAMES. 75 

as a whole, and likewise those acting on each component piece of 
the structure, being balanced. These forces are, in the former 
case, the weight of the structure, the external forces, and the 
upward pressure of the earth ; in the latter case, the weight of 
the piece, the external forces acting on it, and the forces acting 
between it and the adjacent pieces in contact with it. Strength 
consists in the forces acting between the parts of each piece of a 
structure into which the piece may be conceived to be divided, 
balancing each other. Rigidity or stiffness is intimately con- 
nected with strength, and both qualities are necessarily con- 
sidered together ; as defined in Paragraph 50, it is that quality 
of bodies or structures by which they resist change of figure. In 
forming a structure the material and dimensions of each piece, 
and the manner of combining the pieces into a structure, must 
be such that the alteration of figure of each piece and of the 
whole structure may be confined within certain limits, under 
every possible set of conditions to which the structure may bo 
subjected. In the term force, it shoiild be remarked, the upward 
pressure of the earth supporting the structure, and the power by 
which bodies resist forces tending to fracture them (stress), are 
included. 

147. A structure composed of bars or rods, or these combined 
with cords or chains jointed together, is termed a frame. In small 
works, as in joinery, the strength of the work is often dependent 
on the resistance offered by the joint to change in the relative 
positions, at the joint, of the pieces connected ; but in frame- 
work, both of wood and metal, of considerable size, constructed 
to withstand great loads, in general the rigidity of the joints does 
not contribute sensibly to the strength of the structure, and the 
bars, ifec, may be regarded as movable about the joints, as if 
hinged there. Very little consideration will render evident the 
fact, that in the majority of frames constructed to bear considerable 
loads, the length of the bars affords so great a leverage to forces 
tending to disturb their relative positions, that it would be 
impracticable to make the joints strong enough to offer appre- 
ciable resistance to destruction or distortion of the frame by 
movement of the bars about the fastenings ; the rigidity of such 
frames is necessarily dependent on the anrwn/gement of the com- 
ponent bars and cords. 

148. The stress in the component bars of a frame is a distributed 
stress distributed through their mass ; its intensity is measured 
as explained in Paragraphs 24 and 50. Forces acting on the 
component bars of a frame tend to displace the bars relative to 
each other at the joints where they meet ; this tendency to dis- 
placement is resisted by the stress at the joint. Tli^ y^yc^ Sa^Skv^ 
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joint tLrougli which thereaiiltant of the resistance passes is termed 
tho centre of resistance of the Joint. It is evident the mttximum 
strength of tho material cannot be available if the position of the 
centre of resistance of the joint deviate much from the centi-e of 
figure of tho joint. If the centres of resistance of the joints be coQ' 
ceived to be connected bylines, the system of lines is termed the 
tine of resistance of the frame. The loads on the joints and the 
comjioneiit bars of a frame, and on the |>ointB of support when the 
frame ia supported, are computed by considering the distributed 
forces acting on each bar or joint aa coQcentrated in the line of 
their resultant or resultants acting through the centres of resist- 
ance ; and by compounding and resolving these resultants at the 
centres of resistance by the pai-allelogram of forces or theory of 
couples } the total loads and strefiBes being found, the intensity of 
tlie distributed foi-ce is found by dividing the resultant by the 
surface or mass over which it is distributed. 

149. The component bars subjected to transverse strain are 
teimed fieairu, those suffering tensile strain tu», and those suffering 
compression alnilt — terms already defined in Chapter II. The 
action of a load on n, tie, sti'ut.and beam, unrl tlie modeof fuilure 
of each under an ultimate load, are fully considered in Chapter II. 
It ia evident if a strut be movable, that its longitudinal equi- 
librium is unstable ; for, if its axis deviate from the line of direction 
of tho pressures it resists, these pressures form a couple acting to 
' ! deviation from the line of pressures, fig. 20. If a 
tie be movable, its equilibrium is stable. 
This case is represented by fig, 20 with the 
directions of the forces E and C reversed, A 
representing the tie. If A, the tie or strut, lie 
iu the line of action of the forces B, C, then the 
whole of these forces are resisted by the longi- 
tudinal stress on the rod A — i.e., the sum of the 
forces is employed in longitudinal tension or 
pressure of the rod A. If A be at right angles 
■ to B, C, then there is no longitudinal tension 
or pressure on A. At intermediate positions. 
Fig, 20. as in fig. 30,the forces E,C may each he resolved 

into two rectangular components, one acting in 
the direction of A {2, 3), producing tension or compression of A, 
the other (3, 4) acting at right angles to A, forming one arm of 
a couple tending to rotate it on its centre. It is evident the arm 
of the couple referred to above is as the sine, and the efficiency of 
the tie or strut as the cosine of the angle I, 3, 2 between the 
common direction of the forces and the line of resistance of the tie 
or strut. A strut requires therefore that care be taken to place 
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it exactly in the line of the pressures to be resisted ; and when so 
placed, that means be taken to prevent deviation firom this line. 
A tie may be employed without such special care or precaution, 
its equilibrium being stable; hence, in consti*ucting land lines 
the tie is preferred, where admissible, to the strut. Struts are 
frequently stayed to prevent them deviating from the position of 
greatest eflficiency. A stay is a rod or cord applied to the end of 
a strut or tie to keep this end in position, and prevent deviation 
of the strut or tie from the line of action of the load, the stay 
merely keeping the strut or tie in position under the action of the 
load, and not itself bearing any portion of the load. An instance 
of staying is presented by a high telegraph mast supporting a 
direct wire, furnished with stays stretched from near its summit 
to the ground ; but in an angle post the tie generally employed to 
act with the post in resisting the horizontal strain of the lines is 
not properly a stay but a tie ; for it bears in general its share of 
the load, and forms part of the frame composed of the tie and 
stmt attached to the earth. In Chapter II., section 6, the case of a 
beam having the load and supporting pressures parallel is treated, 
and also the case of a beam placed obliquely to the load and sup- 
porting pressures ; in the latter case, the load being resolved into 
two rectangular components, one acting in the direction of the 
beam's length, the other acting perpendicular to its length, the 
magnitudes of these components represent the longitudinal and 
transverse stresses respectively. If the load be inclined to two 
parallel supporting pressures some fourth force must balance the 
longitudinal load, and in respect to 
such load the bar is a tie or strut, 
or tie on one side of the point of 
application of the load and strut on 
the other side. When the support- 
ing forces and the load are inclined 
to each other, the conditions of equi- 
librium are those of three inclined 
forces (Paragraph 6). If AC, fig. 21, 
represent a bar acted upon by three 
forces (A, B, C) in equilibrio, the 
relations of the forces are those of 
the sides of the triangle 12 3, 
drawn proportionate to the balanced 
forces in magnitude, and parallel to them respectively in direction ; 
and the magnitude of each force is as the sine of the angle between 
the other two. 

150. A frame of two bars may be composed of two struts, two 
ties, or a tie and a struts and must abut against, or be connected 
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with, two fixed points. If fig. 22 represent a fi-ame of two ties 
attached at A and B, and loaded &t 
r C, the load on each bar and on the 
supports IB found by resolving the 
load into two com]K>nents, Cd, Ce, 
acting in the direotions of the bars, 
and rcproBenting the load on each 
Imr and on the supports, both in 
direction and magnitude. The equi- 
librium is eyidently stable, both in 
the plcuie of tlie frame and at right 
angles to that plane, as deviation in 
either direction must raise the load ; but the syatem may oscillate 
about A and B, and may need Htaying to prevent this. 

151. If the diagi-am be inverted and the arrows reTersed, the 
«iso represented is that of a frame of two atnits, and the load on 
eftcli bar and the supports is found as before, jireasuro being sub- 
Ktituttd for tension. In this case the iwsition of tbo birs is 
fixed in the plane of the firune; but in the plane at right angles 
to this the equilibrium is unstable, unless lateral stays be em- 
ployed to render it stable. An upright pair of shear legs fur- 
nislies an instance of a stayed frame of two struts; an angle 
pole strutted to the top is an instance of an unstayed frame of 
this kind. An angle pole with a short sti'ut applied below the 
load may be considered as a bar acted upon by three inclined 
forces — viz., the external load, the pressure of the earth, and the 
pressure of the strut (tig. 21, Paragraph 149), 





152. Frames formed of a strut and a tie are of very o 
occurrence in telegraph practice; an angle pale and tie (some- 
times called a stay) furoishea an instance of this kind of frame. 
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In this frame, as in other two bar frames, three inclined forces are 
balanced, and their relations must fulfil the conditions of the 
triangle of forces (Paragraph 7). The load being determined, it 
is resolved into two components acting in the directions of the 
two bars respectively ; these components represent the load on 
each bar, and the pressure and tension on the supports, j The 
conditions are those of three forces in equilibrio, the load being 
balanced by the stresses on the bars. Figs. 23, 24, and 25 repre- 
sent three cases; the stress on each 
bar is directly as the sine of^ the 
angle between the direction of the 
load and that of the other bar ; thus, 
in the figures, the load 2 3, divided 
by the sine of the angle between the 
bars, equals the stress on either of 
the bars divided by the sine of 
the angle between the direction of 
the load and that of the other bar. 




Fig. 25. 



Symbolically — 



Load : sin 1 



( component 1 2 : sine 3 



\ or 

( „ 13: sine 2; 

the load on each bar may be readily found from the proportion, 
the load on the frame and the angles being given. Fig. 23 repre- 
sents the case of an angle pole placed perpendicularly and tied; 
sine 90* = 1, therefore the component load borne by the tie is the 
quotient obtained by dividing the load by the sine of the angle 
between the strut and tie. The eflScacy of the tie is therefore as 
the sine of the angle it makes with the strut; thus, with the 
angle a = 30** the component load (1 3) on the tie is double the 
load 2 3; with the angle a = 90° this load is only equal to the 
load 2 3; while with angle a= 14**, the tie suffers a tension four 
times the horizontal load 2 3. The component load borne by the 
strut is also greater as the angle a is diminished; thus, for 
a= 14** this load is 4 times 2 3; for a = 30° it is 1-7 times 2 3; 
and for a = 90° it is 0, the whole load being borne by the tie. 
The necessity for anchoring the tie a proper distance from the 
foot of the mast or post to be tied is evident. It is evident the 
supporting forces at 4 and 5 are equal and op2)osite to the loads 
on the bars respectively, found as above. A frame composed of 
a tie and stmt is stable in the plane of its lines of resistance, but 
it is only stable laterally when the direction of the load inclines 
from the line 4 5, joining the points of support; thus, fig. 24 is 
unstable, and fig. 25 stable, laterally. The frame, fig. 25, is 
Nndered stable laterally by being stayed on eadi side. The 
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mode employed above of finding the pressure and tension on. 
eacli bar is equally applicable whether the frame of two bars 
form aa independent &uine, or two bars in a more complex frame. 
153. In a fi-aiiie of three or more bars the same laws apply as 
in leas complex framea; but if the bars form a closed figure, the 
forces supporting the frame as a whole have to be computed in a 
somewhat difiei'ent manner to that given above. In general the 
supporting forces may be found by considering the ti-ame aa a 
whole, and finding the reaiittants acting througli the points of 
support, as in the case of a simple beam; if n centre of resistance 
bo also a point of support, the component load at such centre 
acting through the point of support must be neglected until the 
components at the other point^ have been found, and then the 
resultants of all these acting through the points of suppoi-t are 
equal and opposite to the supporting forces. If a load be applied 
ut a centre of resistance which is also a point of sup[)ort, then the 
component of sucli load acting directly through the point of sup- 
port must be added to the i>ressury of the fi-ame on that point of 
support, and an equal and opposite force must be combined with 
the supporting force at that centre to complete the solution. 
The conditions of equi- 
librium in a frame of three 
or more bars are obtained 
graphically by two simple 
operations, by which are 
found-ii'iir«(/y,the system 
of forces which would 
balance each other if 
applied at the centres of 
resistance; and, secondly, 
the system of stresses on 
the several bars of the 
frame. The forces applied 
at the centres of resist- 
ance being balanced must 
obey tbe laws stated in 
Chapter I., section 1, and, 
if represented by lines, 
the lines will form a 
closed figure (triangle or 
polygon of forces) ; if in a 
projected fi'ame the lines 
representing these forces 
do not form a closed 
figure, then the line or lines necessary to complete the figure 





Kg. 26. 
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represent the force required to produce equilibrium. If the 
system of forces be given, a diagram of stresses can be made 
to resist the forces; if the diagram of stresses be given, the 
system of forces is also given. Let fig. 26 represent a frame of 
four bars acted upon by a system of inclined forces applied at 
the centres of resistance; the forces being balanced, if they be 
represented by lines parallel to their directions, such lines "will 
form a closed figure (Paragraph 8, &c.) Let 1 2 3 4 be such a 
closed figure, from 1, 2, 3 and 4 draw lines parallel to each bar of 
the frame respectively; these will meet in 5, and represent the 
stresses on the bars to which they are respectively parallel, due 
to the system of forces represented by 1 2 3 4. It is evident that, 
given a system of forces 1 2 3 4, a system of stresses can be 
designed to resist it; and given a system of stresses, the 
forces such will resist are obtained by joining the extremities 
1 2 3 4, of the lines 5 1,5 2, &c. If from any point 5, lines be 
drawn parallel to the sides of a frame, and proportionate in length 
to the working stresses of the several bars respectively, the 
maximum load which may be safely applied at each centre of 
resistance is found by completing the figure 12 34. Frequently 
in practice a system of parallel forces forms the subject of the 
calculation; in this case the figure 12 3 4 becomes a straight line. 
Let ABC, fig. 27, represent the lines of resistance of a triangular 
frame, bearing a vertical load at 1, and supported 
at 2 and 3; draw the line AC, fig. 28, equal to < 

the load at 1, and divide it at B into AB, and ^^''^V 
BC = the supporting forces at 3 and 2 respec- *^^*^*..^/^ 
tively ; if from A, B, and C lines be drawn parallel ^^^^'^j 

to the sides of the triangle 12 3, these lines, CO, ^ 

BO, AO, represent the stresses on the bars to > 

which they are respectively parallel; the segment >^ 

AB represents the force applied at the joint o^^- 

between th e bars to which OB,OA are respectively ^^\^ 
parallel, and BC the force applied to the joint \ 
between the bars to which OC and OB are respec- \ 

tively parallel; and the segment of AC inter- 
sected between any two of the radiating lines 
contiguous or not, represents the resultant of Fig. 27. 
the external forces acting between the bars 
whose lines of resistance are parallel respectively to the lines 
selected. The vertical line AC represents the vertical load; and 
if a line OH be drawn 6x)m O perpendicular to AC, it repre- 
sents the horizontal component of each of the stresses OC, 
OB, OA— t. «., if each of the stresses 00, OB, OA be considered 
as resolved into two rectangular components, respectiyely 

o 



83 GENERAL rKIHClTLEB OF BTl'-ENGTU AKD 5TAEILlTr. 

vertical and horizontal, the borizoiital components wilJ be eiqual 
to each other and to the line OH — keuce termed the hori- 
zontal thrust, stresB, or reaiatuice of the frame. Trigonometri- 
callj, the horizontal stress OH is ecjual to the load AC, divided 
by the Bum of the tangents of the angles made by any two lines 
of resifitauce and the horizoatal line, the angles being taken in 
the same direction; and by the difference of the tangents if the 
angles be taken in opposite directions. The stresses on the bars 
of a fninie, whether the bars be contiguoaa or not, are respec- 
tively as the horizontal stress multiplied by the secants of the 
angles between tlie lines of resistance of the bars and tlie hori- 
zontal line. 

154. If the bars of a frame do not form n closed figure the 
extreme bars must be attached to fixed bodies, if the llxed bodies 
resist a thrust they arc termed abutments. The stresses in an 
ojien frame are found as in the cnse of a closed frame ; but the 
diagram obtained is necessarily rendered simpler by the omission 
of tlic bar necessary to complete the closed figure. The formula; 
and disgrams given are applicable to open frames, if it be remem- 
bered that in the latter case the stresses on the extreme bars 
have to be balanced by the pressure of the supports — i. e., the 
supporting forces are equal and opposite to the stresses on the 
extreme bars, as described in the cases of two bar frames. In 
fig. 27 the bai-3 1 2, 1 3, are struts; but if the frame be reversed, 
so that 1 is downwards, these become ties; and generally, the 
diagram of a frame is not altered by such reversal, but the struts 
become ties and the tics struts — i. e., the distribution of the 
forces remains the same, but tension is converted into pressure, 
and vice versA. A triangular frame of three bars, as tig. 27, is 
rigid in the ])lane of the bars — i. e., its form cannot he altered 
by turning of the bars about the joints; but a frame of four or 
more sides, having hinged joints, may be altered in figure by 
the turning of the bars about the joints; and to render such a 
flume rigid it is uecessary that it be divided into a series of 
triangles, or triangles and polygons, so that each figure of four 
or more sides bo surrounded on all sides but one by triangles. 
A triangular frame, or a polygonal frame, rendered rigid by 
division into triangles, itc, as described above, is termed a ti-uss. 
In practice, when the load is subject to small variations only in 
its mode of distribution, frames are not always stiflened completely 
by the mode of division into triangles ; sometimes the frame being 
only partially so stiffened, the inflexibility of one or more of the 
bars or join^ is relied on to complete the degree of rigidity re- 
quired; aad manifestly if a frame contain a figure of four or more 
aides, not surrounded on all sides Viut one by triangles, such frame 
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must owe its rigidity more or less to the rigidity of its joints 
or bars. ^ 

155. It has already been pointed out how by means of a 
diagram of forces a frame may be designed to resist a given set 
and arrangement of forces, but generally in practice the load is 
subject to variation both in its amount and mode of distribution; 
hence the necessity for so stiffening the frame that it may not 
only resist distortion under a given load, but also under various 
modes of distribution of load; to accomplish this end bars are 
introduced, termed stays and braces. The functions of stays 
have already been described : a brace is a bar which may act 
as a tie or a strut, or both alternately; it joins two joints 
in the frame, and introduces two equal and opposite forces acting 
on the joints along its line of resistance; these forces being equal 
and opposite, the resultant of the forces applied to the pair of 
joints joined is not affected thereby either in amount or direction. 
If the forces acting on a frame as a whole balance each other, 
there is no tendency for the frame as a whole to move ; but 
unless the forces acting on each bar separately balance each 
other, there will evidently be motion of the bars relative to each 
other — t. e., the frame will suffer distortion. The introduction 
of a brace merely alters the distribution of the forces amongst 
the several bars, to produce the necessary equilibrium in each sepa- 
rate bar. The necessity for bracing is shewn by the diagram 
of forces ; for the lines representing the stresses on the several 
bai*s do not in such case meet in one point, as in iigs. 26 and 27, 




Fig. 28. 



but in two or more ; and the lines joining these points represent 
the direction of and stresses on the braces required to bestow 
rigidity on the frame. Let fig. 28 represent a frame of four bars 
supported at A and B, and loaded at C ; it is evident on inspeo- 
tion, although the forces ABC acting on the frume as a whole 
may be in equilibrio, the forces acting on the separate bars are 
not so; for the action of the forces A, B, and C, is to flatten the 
frame until thjd bars AD, DB are in the same strai^kt Us^^^^sv^ 
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Fig. 20. 



2, the 
and load o 
jiarticulai 



the fmine acts as a frame of three liars inly, AD and DB form- 
ihtr ill this case a. single tie. Let fig. 29 i-epresent the diagram 
offerees dniwTi as in fig. 27, 
AB will represent the load, 
BC, AC thfl supjKirtiDg 
forces acting on the whole 
frame; the inclined lines 
A3, B2, ifec, represent the 
etreeses on each of the bars 
of the frame to which they 
are respectively parallel ; 
but these lines do not meet 
in one point only, they 
meet in two points, 1 and. 
e joining these two points represents the direction ot 
n the brace CD, fig 28. This mode of determining the 
< of braces may be applied in the same manner to 
fmnies of greater complexity. The frame, fig. 26, has evidently 
no tendency, as in fig. 28, to cliange its figure; bat aa it hiis fonr 
aides, it is evident that although in e<;uilibrio the sides AD, CD, 
are free to change their positions, and unstable. To render them 
stable it is necessary to divide the frame into triangles, in this 
case the bar introduced is not a brace but a stay; it does not 
resist a permanentload, but merely retains other bars in position; 
for in the diagram of forces the lines drawn parallel to the bars 
of the frame meet in one point, shewing the absence of the 
necessity for bracing. The equilibrium of bars forming parts of 
a frame is the same as in the cases of single ties and struts and 
two-bar frames ; it is manifest the combination of bars into a 
frame does not modify the conditions of equilibrium of each 
single bar. A polygonal frame is only stable in the plane of its 
lines of resistance when it is so divided by stays or braces, or 
both, that it cannot change its figure — i. ft, when the ends 
of the struts are fixed by stays or otherwise, and when the 
component forces acting on. each bar are balanced, either by 
reason of the form of the frame or by the application of braces. 
Frames may be so connected that a bar may at the same time 
form part of two frames ; in this case the forces acting on the bar 
due to its forming part of each frame respectively must bo 
separately considered, and these being compounded their result- 
ant is the total force acting on the given bar. Unless stayed, 
the frames, figs. 26, 27, and 2^, are not stable in a plane at 
right angles to the plane of their lines of resistance. 
130. If an open polygonal frame be subjected to a system of 
brcea applied at its joints wbict are \».\8.Ti«ed when the frame is 
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erect, this 83r8tem will be also balanced if the frame be exactly 
inverted, but the struts -will become ties, and the equilibrium of 
the frame will become stable; when inverted the bars may be 
replaced by ropes, hence the inverted frame is termed 9,funicula/r 
polygon. If the joints be conceived to be so numerous that the 
rope or chain forms a continuous curve, and if the load be merely 
that due to the weight of the rope, and this be of uniform sec- 
tion and material, then the curve formed is termed the catenary; 
when qualified the term catenary is applicable to the curves 
formed by chains loaded otherwise than uniformly. The funicular 
polygon is simply a particular case of an open polygonal frame ; 
the diagrams and formulae already given are applicable to its 
solution. The case of a funicular polygon is presented by 
several angle poles resisting the 
strain of a line wire or wires — e, g,^ 
let A, B, C, D, fig. 30, represent four 
angle posts resisting the horizontal 
sti*ain of the lines passing round 
them ; the wire being equilibriated, 
the tension on it is the same through- 
out, hence the horizontal force is tiie 
same in each segment. To find the 
horizontal load on each of the angle 
posts, from any point draw lines 1, 
2, 3, 4, and 5 parallel to the seg- 
ments of wire respectively, the lines 
1 2, 2 3, &c., will represent both in 
direction and amount the force act- 
ing on the post between the segments of wire to which the lines 
x\ and x2, x2 and x3, <Scc., are respectively parallel. The 
horizontal load on the wire may similarly be found from the 
loads on the angle poles, and the trigonometrical formulsB already 
given are applicable ; two forces equal and opposite to the tension 
on the end segments are necessary to equilibrium of the system, 
these are furnished by the tension on the line wire on each side 
of the system. It should be remarked that the horizontal com- 
ponent strain on the posts is alone referred to. The horizontal 
force acting on the post is on each side of the post sensibly 
equal to the tension of the wire, and the resultant bisects the 
angle made by the wire at the post. If the tension be equal on 
each side of an angle pole for each wire passing round it, the 
horizontal resultant bisects the angle a formed by the wire; 
hence the value of this resultant is found by multiplying the 

sin a 

tensioxi on the wire by "^ a* The following table givea the r«^W 

Bin X 
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tion lieiween the tension of the wire and the resultant tendi _ 
to pull over the angle pole — L e., the horkontal loiid on an anglo' 
pole for liny anftle in the table, is found by multipl_ving tlie 
tension of the ■wire or wires by the number in the table opposite 
the givt'u angle : — 



"^ 



ABKln 




Anels. 


S;S? 


180" 


000 


80» 


1-53 


170" 


017 


70* 


1-03 


]G0° 


0-3* 


C0° 


l-:( 


iriO" 


0-61 


BO" 


1-81 


140° 


0-68 


i(f 


1'87 


130° 


0-84 


30» 


1113 


120^ 


1-00 


20° 


HJfl 


110° 


lU 


10= 


199 


100' 


1-28 


0= 


200 


00° 


141 







157. Poles supporting a straight line are subject only to 
tlie vertical pressure due to the weight of the wire; it is only 
necessary to consider the transverse strength of such ])oles when 
the wire is fastened to them, so that breakage of a wire on one 
Bide wo»ild leave the tension of the same wire on the opposite 
side unbalanced, and to consider the effects of wind, &c. In the 
case of a succession of angle poles it is necessary to consider the 
maximum distance between the poles their strength will admit 
of. If the poles are erected on a regular curve of given radius, 
the maximum distance x admissible between them is directly as 
the radius r, and as the strength of the posts a; and inversely 
as the force acting on the post on each side T — i.e., the tension of 
the wire if single, and the resultant of the tensions if muUipie. 

Algebraically; x --„,-', the powers of resistance of the poles 

being inversely as the height of the point of application of the 
force above the setting of the pole, or the length of the pole 
r^arded as a cantilever. 

158. The principles explained above, and in Chapter II., may 
be readily applied to the cases of telegraph poles, whether single, 
coupled, stayed, tied, strutted, or trussed; and a simple frame, 
such as those used to support lines, may be designed to resist a 



TIED AND STRUTTED POLES. 



87 



given amount and distribution of load, in the most economical 
manner, and the stresses in every part of such an actual structure 
may be found, the details of the load being given. For example, 
a tied angle pole, if the tie be attached to the post at the point 
of resultant of the strain, presents the case of a two-bar frame 
composed of a tie and a strut; its load is the resultant of the 
tension of the wires, and the stresses may be calculated as 
explained in Paragraph 151. If an angle post be tied or strutted 
by a tie or strut applied above or below the point of application 
of the resultant load, the case is that of a single bar acted upon 
by three forces; the moment of the load may be calculated as 
explained for beams, its 
effective component at right " 
angles to the pole's length 
being alone considered in 
calculating this moment, 
which is the moment of the 
load with reference to the 
point of application of the 
tie or strut. Let fig. 31 
represent a tied pole, the 
load A the angle between 
its line of action and the 
pole, and the angle between 
the tie and pole being known, 
it is required to find the stress on the post, on the tie, &c. The 
case being that of three forces in equilibrio, continue B to meet 
A, take a point in or below the ground line to represent a centre 
of resistance, join this point and the point of intersection of A 
and B; the direction of the tie represents the ^ 
direction of its stress, the direction CA represents 
the direction of the resultant through the point C. 
The forces being in equilibrio must evidently be in 
the same plane, their lines of action must intersect 
in one point (Paragraph 6), and they may be 
represented by the sides of a triangle <, I, e, fig. 32, 
drawn parallel to them in direction and propor- 
tionate to them in length. Algebraically : — 

t:l:e:: sin c : sin a : sin b. 




Fig. 31. 




Fig. 32. 



From the above formula may be ascertained the load on the 
tie, which is evidently greater the greater the value of sin c 
The longitudinal load on the post is equal to the sum of 
the vertical components of the fon^ landt, found by multi- 
plying I and t by the cosines of the angles between their directions 
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and thnt of the axis of the [tost. The horiaontal force through 
C, which is rcxisted by tho resistauce of the earth, is tixe 
product of e, aud the cosiue of the angle between its direc- 
tion and that of a horizontal line. The greatest bending moment 
is at the (loint where the tie is joined to the post. The 
moment of ihe load is the product of I, and the distance between 
its point of application and the point of application of the tie. 
In fact, the three forces and their directions being found, all 
other particulars may be found by compounding and resolving 
these forces. The same may be applied to the case of a strutted 
polo by altering the position of B, and considering it as a stnit. 
It should be remurlced, thnt ties are preferred to struts for the 
following reasons : the equilibrium of the tie is stable, that of the 
strut unstable; although the tie and strut equally strain the 
pole longitudinally, the former tends to press it into the ground, 
and hence increases its stability, while the latter t«nda to lift it 
from the ground, thereby decreasing its stability; in both cases 
tlifro is a loss of strength, but it is less injurious in the case of 
a tie than in that of a stmt. The tied or strutted pole should 
be regarded as a beam; in fastening the tie or strut the fasten- 
ings should be inserted in the part of the post which is com- 
l>res3ed when the post is strained. The effect of the tie or strut 
is to shorten the pole considered as a cantilever, and proportion- 
ately increase its strength; but if the point of attachment can be 
placed above the load, tho pole is transformed from the condition 
of a cantilever to that of a beam supported at both ends, hence 
the advantage of staying or strutting a post above the load 
rather than below it. If the stay or strut be applied to the same 
point in the post as tho resultant of the transverse load, the case 
is that of a frame of two bars, and the great advantage of this 
arrangement over those described above, consists in the fact that 
the post is a strut merely, it suffers no transverse stress, the 
horizontal component of the load being balanced by the hori- 
zontal component of the stress on the stay or strut; in fact, the 
bending moment of the load on tho post becomes 0. 

159. From the above examples the manner of applying the 
principles stated will be apparent. A trussed . post may bo 
considered as a frame of four bars braced; coupled posts may 
be regarded as frames, or built beams, according to the design, 
&c. In the example given, fig. 31, one centre of resistance is 
fixed at the ground line; this is true only when the post is fixed 
in masonry or brickwork, or by other similar means; when 
placed directly in the earth this centre is below the surface, and 
it is manifest in a trussed post not also stayed, tied, or strutted, 
that the greatest bending moment is at or near the ground line; 
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hence the post should, if possible, be trussed in such a manner 
that its greatest moment of resistance should be at the same 
place. The following illustrates the application of the preceding 
principles to the case of a trussed post ; as a rule the system of 
trussing is very simple, the commonest case is that in which a 
tie extends from one end of the post to the other, and a strut 
brace is inserted between the tie and the post. Let AB, fig. 33, 



CO<r 




Fig. 33. 

represent a post which it is desired to truss; by reason of the 
moment of the load A, with reference to the point C, being 
great, the pressure of the post on the ground must be distributed 
by means of stone or timber placed at C and B. The post is 
acted upon by three forces. A, C, and B; the bending moment is 
greatest at C; A and B are together equal to C in magnitude, 
inversely as their distances from C respectively, and the lines of 
action of the forces are parallel to each other. It is required to 
design a truss in which the stress on the post AB, shall be as 
small as possible compared with that on the other bars of the 
frame — t.e., in which the maximum assistance shall be given to 
the post. Draw the line ab to represent the force C and the 
sum of the forces A and B ; divide it at c, that cb may represent 
the force B, and ac the force A; this line is the diagram of 
forces. From c draw cd parallel to AB, and of a length com- 
pared with the line ab, to represent the stress to be permitted on 
the post AB on each side of the strut brace, draw ttd and bd, 
and the figure represents the diagram of stresses. Draw AD and 
DB parallel to ad and bd respectiyely, and join DC by a line 
which will be parallel to ab; ADB represents the troased pole. 
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CD the length anJ position of the strut brace which mnat b« 
applied in order that the stressps on AC and CB may not 
exceed dt. The diagram adb reprusentB the stresses; eacli lino 
represents thfi stress on the bar to which it m parallel; but aa 
AB LI divided into two parts by a centre of reaiatance at C, the 
line dc represents each of the equal and oppoaite preasures acting 
along AC and CB respectively, AC CB being regarded as two 
bara suffering eqwn.1 preaaurea. It ia evident the less the stress 
dc adinisaible on t!ie pole, the longer must be the strut brace 
DC ; and if the stress do be supposed infinitely small, the strut 
braoe will be infinitely long — i,e,, if the ties AD, DB be parallel, 
the load on the pole vatiishea. By means of the method illus- 
trated, a truss can be designed; when the stress on the pole is 
fixed, the length of the necessary strut brace may be deduced, 
and with a given length of strut brace, the Btressea may be 
deduced (Paragraphs 153, Ac.) On examination of figure 33 it wilt 
be 8e('n the strut brace is applied where the bending moment is 
uri'^ili^i. mill il. "ill hoaiiparent.if the case presented be examined 
^' ■iiniii lii-ilK', 1 lull for ;u\v given movement of the end A in the 
direction of the load, the elongation of the tie necessary to 
permit of such movement must be less the higher the strut brace 
is removed above C ; in other words, if the strut brace be removed 
to any point above C, its efficacy both to prevent bending of the 
post, and to render available the tensile strength of the tie to 
[jrevcnt motion at A, is diminished. The position of maximum 
efficiency of the strut brace is at C; but, odthough by placing it 
higher ija efficiency is reduced, in practice the conditions which 
render tying or strutting impracticable, frequently render it 
necessary to place the strut brace in the trussed pole higher than 
its position of masimum efficiency ; but when this position cannot 
be attained it should be approached as nearly as practicable. 
The strut brace in poles trussed, as in fig. 33, is often placed mid- 
way between the ground line and the point of resistance at A; 
as explained above, there ia a needless sacrifice of efficiency in 
placing it 80 high. It should be remarked that by bending the 
pole slightly by means of the tie and brace, the combination is 
rendered stiffer. As in telegi-aph conatruction, the mode of 
distribution of the load does not vary, a frame can be readily 
designed in which the maximum strength and stiffness is attained 
with the minimum expenditure of materials; and the require- 
ments of the case being so simple, departure from correct prin- 
ciples is the less excusable. In the case represented in fig. 33, 
the forces are represented as parallel, and in most cases thia 
parallelism may be assumed without sensible error; if, however, 
the dip of the wire at A be great, the effective component of the 
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force A in the horizontal direction should be taken instead of 
the force A, and the vertical component of the load must be 
added to the stress dc. 

Section IL — StahitUy of Earth, 

160. A mass of earth gives way by the sliding of its parts on 
each other. In earth commonly so called this tendency to slide 
is resisted by the friction between the grains and their mutual 
adhesion ; in solid rock, when a load tends to produce this slid- 
ing, it is resisted by the stress of the material. If there were no 
stability due to friction between the grains, a mass of loose 
earth could not be heaped up, it would act like a fluid; this is 
the case presented by soft mud, in which the stability of friction 
is destroyed by the presence of water. But in dry earth and 
earth not containing water in excess, there is friction between 
the grains ; this friction causes the sides of a heap of loose earth 
to assume a particular slope, termed the natural slope, the incli- 
nation of which depends on the co-efficient of friction of the 
particular material. The angle of inclination of the natural slope 
to the horizon is termed the angle of repose for the particular 
material ; it is that angle the tangent of which is the co-efficient 
of friction (Paragraphs 43, 44, 49). 

161. The stability of friction is sufficient to maintain this uni- 
form slope, and is relied on to give permanent stability to the 
sides of cuttings and embankments ; the adhesion of earth being 
usually rapidly destroyed by exposure to the weather, is relied 
upon only for temporary purposes, as to maintain the vertical 
sides of a hole or cutting during excavation. In general, in order 
to economise land and reduce the surface of the bank exposed 
to the weather, embankments of earth have a somewhat steeper 
slope than the angle of repose; a dressing of dry stones, or 
a covering of grass, is then relied on to prevent sliding : these 
act by protecting the earth more or less from the action of the 
weather, while the stones by their weight, and the grass by 
the holding action of its roots, supply any additional stability 
required to prevent slipping. If a bank be made of loose earth 
the angle of repose cannot be exceeded, because the earth, being 
loose, assumes this slope when heaped together. It is when the 
slope has to be cut in the undisturbed earth the adhesion is 
available to render a steeper than the natural slope possible ; and 
it is then that such expedients as those mentioned above are 
employed to partially preserve the adhesion, and supply its 
defect 

162. The consequences of the frictional stability of earth are 
very important, the following are illustrative examples: — ^A 
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Btriictiire aupjiortod on loose eartli cannot be regarded aa Bup- 
portf'il on a prismatic oolunin of earth, the frictloual stability of 
the earth causes the weight to be distributed over ii greater area 
in each successively lower cross -section, and the supporting 
column is henco a fiTistnim of a cone or pyramid, of which 
the base of the structure forms the smaller end. If a post 
attached to a base ]>late buried in the ground be pulled up per- 
pendicularly, provided the base plate do not separate from the post, 
the uiftsa of earth disturbed is not a prism but a frustrura of a 
cone or pyramid; its smaller end is equal and similar to the base 
plate, its larger end is at the surface of the eailh, its axis is equal 
to the original depth of the plate, and the inclination of its sides 
is eq\ial to the angle of repose of the earth. The frictional 
stability of earth acts in the same manner on a post without a 
base plate to jirevent the post bi;iug torn up by a transverse load. 
In ramming loose earth, each blow given by the rammer acts 
effectively only through a thin sti-atum ; for by reason of the 
frictional stability of the earth, the force of the blow is distributed 
over an area rapidly increasing with the depth, and at an incon- 
siderable depth the intensity of the blow is so small as to be 
ineffective for the purpose required ; hence, earth cannot be con- 
solidated in layers exceeding 9" or 1 foot by ramming in the usual 
manner. Other important consequences of the frictional stability 
of earth arc noticed in the sections on earthwork and foundations. 
The firmness of a pole in the ground is in a great measure also 
due to adhesion of the earth ; hence, after the earth has become 
consolidated, the post is mucli firmer than when the earth is 

Section- lll.—SlabilUi/ of Bhckworh. 
163. The stability of blockwork structures, as masonry and 
brickwork, is due to two causes — viz., fnclwn and position; and 
Buch structures may fail either by the blocks sliding on each 
other, or by the overturning of one block on another at the joints. 
In fig. 34, let ABCD represent the 
upper block, and DO a plane joint ; 
— the pressure on the joint is a distri- 
buted force, let EF be the direction of 
its resultant ; the point F in which 
this line meets the surface of the joint 
is termed the centre of pressure, or 
centre of resistance of the joint. It is 
essential to stability — 1. That the 
obliquity of the pressure do not ex- 
ceed the angle of repose — ie., that 
tie block ABCD iave stability o£ ttictvon. ■, for if this condition 
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be not fulfilled, the upper block will slide on the lower. 2. The 
following ratio must not exceed a certain fi-action — the distance 
between the centre of pressure and centre of figure divided by 
the diameter of the joint measured through those points ; if this 
fraction be exceeded, then the upper block is in danger of turning 
over. When the second condition is fulfilled, the block ABCD is 
said to htLve stabilitf/ of position. The value of the above ratio 
varies in practice between one eighth and three-eighths, being 
varied with the purpose of the structure ; thus, a greater value is 
allowed in retaining walls than in abutments : in the the former 
class of structures it varies between '3 and -25 ; in the latter, to 
avoid tension at any point in the joint, it is restricted according 
to the figure of the joints it is one-sixth in the common case of 
rectangular structures. 

164. The moment of stability in a given vertical plane of a 
body or structure supported at a plane joint, is the moment of a 
couple, which must be applied in the given plane in addition to 
the weight of the structure, to transfer the centre of resistance 
of the joint to the extreme point consistent with stability of 
position ; it is equal to the product of the weight of the body, by 
the horziontal distance between a vertical line drawn through 
its centre of gravity and the limiting position of the centre of 
resistance of the joint. The couple is composed of any force 
tending to overturn the structure, and the equal and parallel 
resistance of the joint. The moment of stability M, is expressed 
algebraically as follows : — Let w represent the weight of the 
body or structure above the given joint, dq the distance of the 
limiting position, and dr the actual distance of the centre of 
resistance from the centre of figure of the joint ; d being the 
diameter of the joint measured through the centres of figure and 
resistance, q and r being the fractions of the diameter between 
these centres and the centre of figure respectively. If fig. 34 
represent a structure or block on a joint at CD, it is evident if 
a force A tend to overturn the block, the stability is less than 
that with respect to a force acting at B ; for in one case the 
actual deviation of the centre of resistance from the centre of 
figure is in the same direction as the limiting deviation, while in 
the second case it is in the opposite direction. As d is measured 
on an inclined line, it is necessary to reduce it to horizontal 
distance ; to do this it must be multiplied by the cosine of the 
angle of inclination of the joint to the horizon ; hence the moment 
of stability is— 

M = to (^± r) e? cosine k ; 

in which k is the angle of inclination of the ^oiattc^ \»\i<^ V<;sraA^<k 
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And tlie top or 1>ottom sign iu tlie braoketa is to Im ttiken 
aoconliDg as qd aod rd are in oppoaite or tlie same direction, 
measured from tho centre of figure of the joiat. It is assumed 
in the above that tlie block ABCD will act as one piece, and not 
Reparnte at its joints, and tite resistance of the mortar or cement 
interjioaed at the joint CD offers no appreciablo resistance. The 
above fonniila is evidently npplioable to the case of a wall or other 
structure conetnieted on a horizontal plane, it being merely 
necessary in this case to omit the factor conTie k. 

165. If a structure be composed of a series of blocks (or of a 
series of layers so connected that each layer acta as one block) 
connected by plane joints, the two conditions of stability must 
be f\i]&lled at each joint, and the formula given above is appli- 
cable in the case of each joint. The resultant pressure at any 
joint is the resultant of all the forces which act on one of the 
j>arta into which the structure is divided by the joint ; and the 
]>oint where the line of action of this resultant cuts the plane of 
the joint ia the centre of pressure. If fig. 35 represent a series 
of blocks forming port of a structure, 
and the arrow C, be the direction of 
the resultant of the forces acting on the 
hijfliest block- — i.e., its gross load, the 
point where this resultant meets the 
joint 1, is the centre of pressure of 
that joint. If tills resultant be com- 
bined with the resultant of the forces 
acting on block 112 2 directly, then the 
resultant of all the forces acting on the 
next joint is obtained, and the point 
where this meets the second joint Ci, 
s tho centre of pressure of that joint. The dotted line KB, in 
t, traversing the centres of pressure, is termed tfie line of 
The straight lines representing the successive result- 
■ be in one line, parallel to each other, or they may 
e point, or in a series of points as in the figure ; in 
fi curved line PP, touching all the sides of the 
o formed, is termed t/ie tine ofpresaureg. The properties 
urves relative to the two conditions of stability, which 
must be fulfilled for each joint, are as follows; — It is essential to 
stability of position that the line of resistance do not deviate 
from the centime of figure by more than a certain fraction of the 
diameter of the joint, measured in the direction of the deviation ; 
it ia essential to stability of friction that a tingent to the line of 
pressures through the centre of pressure make an angle with the 
Jiormal to the joint less than the angle of repose. The most 
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adyantageons direction for pressure in an arch or other block- 
work structure is attained when the resultant direction of tho 
pressure on each joint is perpendicular to the plane of the joint. 
In every case the term resultant used above is applied to the 
resultant of the gross load — i,e, the external load and the weight 
of the material of the structure itself. 

166. In telegraph structures the application of the above 
principles is usually confined to simple cases, but these are of 
frequent occurrence. Wooden or iron posts are often erected on 
stone or brick plinths, or attached to walls; wires are attached 
to walls, chimney stacks, and similar structures; stone pillars are 
sometimes used to support lines where stone is procurable on the 
spot ; and the principles explained are applicable to any structure 
which depends more or less for its stability on its weight and the 
size of its base, irrespective of its form and the material of which 
it may be composed. It should be remarked, in a structure 
depending for its stability on its weight and the size of its base, 
the lower its centre of gravity the more this point will be raised 
by any given movement of the structure, and the greater the 
displacement of the structure necessary to bring the centre of 
pressure to its limiting position — i.e., the lower the centre of 
gravity the greater the stability of the structure. 



Section IV. — The Catenary. 

167. A chain or cord of uniform section and material, loaded 
with its own weight only, suspended between two fixed points, 
hangs in a curved line, termed significantly the catenary or chain 
curve. When the term catenary is qualified, it may refer to the 
curve formed by a chain loaded in any other manner, but in 
telegraph practice the wires or cables are only loaded with their 
own weight. The direction of the stress on the cord at any 
point is that of a tangent to the curve at that ]>oint. The load 
may be resolved at each point but the lowest into two rec- 
tangular components, one vertical and equal to the weight of tho 
chain at that point, the other horizontal and representing the 
horizontal tension. At the lowest point the curt^e is horizontal, 
and the load is equal to the horizontal tension only; as the 
vertical component vanishes at this point, the load on the chain 
here is less than at any other point in the curve. If ABC, 
fig. 36, represent the curve, the point B, where it is horizontal, 
is termed its vertex ; DE is a horizontal line, the line BF drawn 
to the vertex is termed the modulus or parameter of the catenary, 
and on this line depends the other dimensions of the curve. If 
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F = FK = j/, ami tlic length of the mofliilus FB = m, then tli 
length of the ordinate is given by the equation — 

(1.) 



..|G'--"). 



in which e = tlie base of Napierian logarithms; or, wsing a table 

+ ■ ±-4343i. 

of common logarithms, c "" = 10 " nearly. The abscissa 

in terms of the ordinate — 

S,-.byp.log.(i+ yj,-l) (2.) 

The length of the arc — 

EG = .=|(.5-.-i).VST^. (3.) 

If a right-angled triangle be constructed with GK as hypothe- 
neose, GKL ; then KL will equal the modulus BF, LG will he 
a tangent to the curve at the point G, and a line drawn through 
G at right angles to GL, meeting the horizontal line in M, is 
equal to the radiuB of curvature at G. 

168. The mechanical properties of the curve are as follows : — 
The horizontal tension at the lowest point B — i.e., the total load 
at this point — is equal to the weight of a length of the wire or 
chain equal in length to the pai-ametcr BF; or if * be the weight 
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of a unit length of the wire, as 1 foot or 1 yard, the tension at 

T 

the lowest point T = xm, the modulus m = — , and the tension at 

any other point G ^T^=:tx; T^ = T-^Txd; or the tension at 
any point G exceeds that at any lower point A, by a force equal 
to the weight of a piece of the wire equal to the difference of 
level, GH = d. Thus in any span of wire the tension at either 
point of suspension exceeds that at the lowest point by an 
amount equal to the weight of a length of the wire equal to the 
dip below the point of suspension. The vertical load between 
any two points in the curve, or rather the vertical component of 
the load, is evidently the weight of the wire between these 
points = XV ; therefore the tension on the wire at any point 

T^ = \/T^-|-(xv)* ; or the square root of the sum of the squares, of 
the weight of a piece of the wire equal in length to the parameter, 
and of a piece BG equal in length to the arc between the vertex 
and the point taken. 

169. The above formulse may be applied to the case of a tele- 
graph wire or cable to calculate such particulars of form, dis- 
tribution of load, &c., as may bo required in practice. Let 
ABC, fig. 36, represent a span of telegraph wire suspended at 
the points A and C in the same horizontal line, or a span 
suspended at the points A and G not in the same horizontal 
line; let a denote the span DE, substituting an infinite con- 
verging series for the finite equation (1.) — 

'»=-0+&+¥&*+*'' (*•) 

T 

substituting for m its value — , and performing the multipli- 



cation — 



x^ 2T^ 2-3-4T«^ ^ ^^ 



By means of this formula the height of any ordinate may be 
calculated — t.c., the height of the wire at any point G. The dip 
being the difference of height, c? = GH, may be found for any 

T 

abscissa FK, by subtracting from a; the modulus = -~; hence the 

* dip of the vertex below any point in the span is— 

'^-^+2$^ + ^ ^^•> 
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If till; supports be on tlie same level, and it be required to find 

the dip, in this ra,se;~~ ; substituting thie value in (6) — ■ 



..(7.) 



By means of the above formuln the dip may be calculated with 
any requisite degree of accuracy, the points of euapenaion being 
in the Game horizontal line, or differing iu height ; and the 
depression of the wire at any horizontal distance from either 
point of suppoi-t may also bo ascertained. The tension at any 
point may be calculated from the difference of level between the 
point taken and the vertex ; the difference between the tension 
lit the vertex and at any higher point is T - T = «<i...(8). In 
applying (7) to spans not exceeding 200 yards under the ordinary 
cunditiona of working load = one-fourth ultimate load, the first 
term only b generally sufficient for practical purpoeea; from which 
it would appear that the dip varies approximately directly aa the 
square of the span and the weight of the wii-e ]ier unit of length, 
and inversely as the tension. 

170. The tension at either point of suspension b T. = T+T<i; as 
Tj is increased, d decreases, and T increases and vice versd—i.e., 
an d is decreased, tlie horizontal com]>ouent of the tension is 
increased, and its vertical component decreased. Thus there ia 
a value of d for which the tension at each point, including the 
}ioints of suspension, is a minimum. This will be apparent if it 
be considered as the dip is increased, although tlie tension at the 
lowest point of the span is diminished, that at tlie points of 
suspension may be increased by reason of the greater weight due 
to the greater length of wire. If the points of suspension be in 
tlie same horizontal line, this minirauu) tension is attained when 



m the modulus - ^, and the length of the ordinate AD or 

CE = I a, the difference in level or the dip i? = oQ - 5^) = | ; or 

the minimum tension on the points of support and on the wire is 
attained when the dip is equal to one-third of the span. With 

T a ar 

this relative dip »»= - = ^r- ; ,■. T= ^., the tension at the lowest 



or highest jwints ; the ratio of the tension at the vertex to that 
at either of the points of auBpenaion is 10:17. By means of 
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these formula may be found the longest span possible with wire 

4 « . 
of a given material, for (9) this span = q x -; in which 9 = the 

g 

Hltimate strength of the wire, or - = the modulus of tenacity of the 

material, and is a constant quantity for the same m&terial. For 
example, a material having a tenacity of 30 tons per square inch, 

1 cubic foot of which weighs 481 lbs., — = 3'81 miles ; if 4 be 

assumed as factor of safety, the greatest practicable span with 

wire of such material = a r = o^ = 1*27 mile. In such 

o X 4 o 

calculations it is easier generally to use the constant proportion 

or modulus of tenacity, but the same result may be obtained for 

a particular sized wire — e.g,, iron wire, No. 7 B.W.G., weighing 

4 cwts. per mile, ultimate load 15*25 cwts., then «= 15*25, «■ = 4 ; 

4 X 15*25 
thus, a = — rt — J— = 5*083, which divided by 4 as factor of safety 

= 1*27 mile, as above. 

171. The formula is applied in the above example to wire 
siispended in air ; if the wire be suspended in water, it is neces- 
sary to allow for loss of weight equal to that of the water dis- 
placed, by assigning a different value to «■ ; thus, iron, spec. grav. 
7*7, immersed in water would lose -J^ of its weight ; or the span 
in water would exceed that in air as 7*7 to 6*7 — the heaviness of 
air being but j\^ that of water is neglected. The actual length 
of wire may be calculated from the equation for the arc ; sub- 
stitutiug an infinite series for the finite equation (3), the length 
of the arc between the vertex and any higher point G h 



v = y^ 



2*3*w»* 2*3*4*5w* ^ ' 



T 
Substituting _ for m — 



t/"^ . y*** 



from which v may be calculated with any requisite degree of 
accuracy for any point in the curve. If the points of suspension 
are not on the same level, then the length of the whole are is 
obtained by calculating the length between the vertex and each 
point of suspension separately i the sum of the two <\WDAa^«»i w^ 



100 GENERAL PRINCIPLES OF BTRENOTH AXD STABILITY. 

obtained ia tlie whole length of tlie wire between the iioints of 
BUBpeusion. If tlio paiiiU of suBpeusion. be oa the same level, 

t/ = a', 0^ the vertex U in the middle of the span. Substitnting 

in this ease for r/ its value -^, the length of the arc between the 

vertex and either point of nuspension. multiplied by 2 is the 
whole length of wire between the jjoints of suspension = 2 r, — 

a/ ttV j_ Q*** , J. J 






' 2iT3 ' 11)20T* 



&.C (12.) 



When the dip in small the first twi> terms are suffideatlj 
accurate for practical purposes. 

172. By means of (IS) may be calculated the effect of the 
elasticity of the wire and changes of temperature on the tension 
and dip, calculations only of practical importance when the dip 
and span are small. If a be the co-efficient of elasticity of the 
wire, and v, the length of the arc, under a tension of t pounds 
o, will become — 

.,=.,(l + «l)i (13.) 

By aubstituting 2«^ for 2tf,, in (12), the effect of the lengthening 
on the tension T may be ascertained for a wire suspended between 
two points on the same level. If the points of suepension be not 
on the some level, then (I I) must be applied, and the calculation 
performed for each side of the curve. It should be remarked 
that the first two terms are, as a rule, sufficient in practice; as 
the tension at the ends diSera from that at the vertex, the tension 
t is the mean tension, and the maximum tension must be less 
than the proof load. 

173. The effect of change of temperature on the wire is to alter 
its length, and alter consequently the tension and dip; if J be 
the co-efficient of expansion for each degree of elevation of tem- 
perature, for a difference of ± K degrees, the length of the arc 
will change from v to«(l±*K), the upper or lower sign being 
used accordingly as the temperature is raised or lowered; but as 
the change of temperature causes a change of tension under 
which the length v is altered by reason of the elasticity of the 
material, the ultimate effect of a change of temperature on the 

length of the arc is the difference between the expansion or con- 
tractioa due to change oE temperature, and the consequent 
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contraction or expansion due to change of tension from T to T^; 
hence, the alteration of length due to a difference of temperature 
= ± K, is from V to v(l ± ^K) { + X (T^ - T)}. If the points of sus- 
pension be on the same level, v^ being the length of the arc 
on each side of the vertex, then, previous to the change of 
temperature— 

Si'i^a + I^; (^•) 

after the change of temperature — 

2.i(l±*K){lq:x(Ti-T)}=a+|^-,- (B.) 

If A be subtracted from B, 2i?^ be assumed = a, the term contain- 
ing X and as factors be neglected, and every term be divided 
by a, then — 

±<K + HTi-T) = ^(i5- ^) (U.) 

By putting for T, its values (7) o-jando-T-, the variation in the 

dip is obtained. The above equation should be applied by trying 
the value of T^ or d respectively, which will satisfy it. 

174. If the points of suspension are not on the same level, but 
one be at G and the other at A, then the portion of the curve 
below the horizontal line NG drawn through the lower point of 
suspension is symmetrical about the line BF, and the vertex B is 
not in the centre of the span, but nearer to the lower point of 
suspension. To find the horizontal distance of the lowest point 
or vertex from each point of suspension respectively, the differ- 
ence of level d^ being given, the dip below the lowest point of 
suspension is (6) — 

d^^, (C.) 



2* 



below the highest point — 

the difference of level between the points of suspension cfg = «?i — 
^ = ^(yf -2^); Pitting |-|.a: for y^ and ^-x for y, d^=^^x, or 

d T 
X = -^ . . .(15); the distance from the lower point of suspension is 
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^ - -* , &ad from the higher point ; + -^ As only the fii^ 

tt>nu of tlie Bt'rieB (C) is taken, this formula is only applicable to 
Bpaofl Tip to sboiit 200 yards under ordinary conditions as to 
t^naion. If moru terms of (6) be used, the formula is applicable 
to longer spans, and under other conditions as to tension- Thus, 
if two terms of the series (6) be taken then — 






anil by substituting numerical trial values, the value of x may he 
obtained with suSicient aocuraoy for all practical purposes. 

175. A ready mo<le of noting differences of level of the wire is 
to have the curve di-awn to scale, and apply it to a drawing of the 
profile of the ground aod the objeota the wire is to pass over; the 
curves may be calculated by means of the serioa for the ordinate 
with suflicient accuracy for any purpose occurring in prsctice- 
The curves might bo cut in sheet brass, and the values of the 
scales marked on the brass. A drawing of the catenary is given 
in M. Blavier's "Telegraphic Elcetriqiie " fur use as described 
above, but the scales given with the curve do not agree. Many 
of the above formula; are contained in M. Blavier's work ; tliey 
are not all deduced in bo simple a manner as above, and the series 
representing the length of the arc, and the formula; for the 
influence of temperature on the tension, ikc., given by M. Blavier, 
are inaccurate. 

176. When the difference of level between the points of sus- 
pension is very great, the curve formed by the wire may be only 
half the curve ABC, fig. 36 ; in this case one point of suspension 
is at the vertex, and the dip is equal to the diierence in level ; in 

this case (G) rf= w,_, or the distance of the supports is\/t£i__a_ 

This is to bo avoided in practice ; and in doubtful cases either this 
formula should be applied to find the minimum distance admissible 
between posts greatly difi'ering in height, or the distance should 
be found as follows;— It being decided to give the wire a certain 
dip J, below the lower point of suspension, then approximately 

'^ — , and y, = \/ — ^ ; from which y and y 

having been found, the distance y 4 j/i is the distance the point.i 

of suspension must be placed apart to allow a dip = (2 below the 

lower point. 

277. If a chain be loaded uniformly along a horizontal line — 

«.'«, the load on any length, as BG, is proportionate to the hori- 
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zontal line FK, then the chain hangs in a curve, termed a 
parabola. In the calculations for finding particulars of form, &c.y 
of bridge chains, the formulse of the parabola are commonly 
employed instead of those of the catenary ; in telegraph construo- 
tion the equations of the parabola are also frequently employed ; 
but the parabola and catenary are only nearly alike near the 
vertex ; and hence, when the dip and span are considerable, the 
curve cannot be considered as approximating to the parabola. 
The case of a suspension-bridge chain differs from that of a 
telegraph wire in two important particulars : it assists in supporting 
a load (the bridge platform, &c.), which is distributed almost 
uniformly over a horizontal line, and the spans to which the formulse 
are applied are much shorter than those to which the formulae are 
required to be applicable in the case of a telegraph wire. As in 
telegraph construction, the calculations need only be made once, 
by reason of the uniformity in conditions but few different cal- 
culations are required, and when really necessary accuracy is 
frequently of great importance — ^it is preferable to consider the 
curve as a catenary. The formulae given above are simple enough 
for general use, if merely approximate results be desired ; a higher 
degree of accuracy is attainable at wilL 

Section Y. — Stability, Motion, and Friction in Fluids, 

178. A perfect flt^id is defined as a body which has no ten- 
dency to preserve a definite shape; the definition therefore in- 
cludes gases as well as liquids. The only fluids which it is neces- 
sary to consider in practice are air and water, seldom the former. 
The property of fluidity which distinguishes liquids from solids 
(although it does not hinder them from obeying the ordinaiy laws 
of statics), introduces other considerations which constitute the 
equilibrium of fluids into a distinct branch of statics, termed 
hydrostatics. The fundamental principle of hydrostatics is as 
follows: — All fluid pressure between two fluid surfaces, or 
between a fluid and a solid, is normal to the surfaces in contact, 
and of equal intensity for all positions of these surfiices — t . «,, 
whether the surfaces be vertical, horizontal, or oblique. From 
the above principle it follows, the pressure in a fluid at all points 
at the same level is of equal intensity; whatever the angle at 
which a plane surface is immersed, or at which the sides of a 
fluid containing vessel may stand, the pressure is normal to the 
immersed surface, and its intensity depends on the depth to 
which it is immersed. The intensity of pressure is greater at 
the lower of two points than at the higher point, by the intensity 
of the pressure of a column of liquid equal in height to thk 
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difference in level — »,<., by the weight of such a cotumn per unit 
of area. The abo\'e statements Siiippose the Hmd to bo etill, and 
Bitting by its own weight alone. If the surface of watei- be 
exposed to the air, the pressure of the atmosphere must be added 
to that of the wuter; but frequently from the equal pressure of 
the fttr iju all sides, the pressure of the atmosphere may be 
neglected. It should also be remarked, that as the intemeil 
pressure of a fluid acts on the matter of the fluid itself, com- 
presses it and increases its density, the density is thereby made 
to increase with the depth. In fluids which are very com- 
pressible, as air, the density varies nearly as the depth ; but iu 
the case of water, tlie increase of density may bo neglected in 
practice. A body immeraed in a liquid displaces a volume of 
the liquid equal to its own volume ; the liquid presses on the 
body with a total pressure equal to the weight of liquid dis- 
placed. The resultant of this pressure acta vertically upwards 
through the centre of gravity of the disptacod volume, whit^ 
point is termed the centre of buoycmcif. If the weight of the 
body immersed be greater than this resultant — i-e., the body be 
specifically heavier than tlie liquid, the body sinks ; if the reverse 
be the cjwe, the body rises, moving in either case under the 
action of the difference of the two forces — viz., its own weight 
and the resultant of the fluid pressure. If a jdane surface be 
immersed in a liquid {it may be the sides of the containing vessel 
or the sui-fnce of an immersed body), the pressure of the liquid 
on such surface is perpendicular to the surface in direction, and 
equal in magnitude to the weight of a column of liquid whose 
transverse area is the area of the immersed surface, and whose 
height is the depth to which the centre of gravity of that sui'face 
is immersed. The position of the point of apjilicution of the 
resultant, or the centre of pressure, depends on the inclination 
of the immersed sui'face; if this surface be horizontal, the centre 
of pressure coincides with its centre of gravity; if it be inclined, 
the centre of pi'essure is below its centre of gravity a distance 
depending on the angle of inclination; in the latter cose the 
pi-essure is assumed to vary uniformly at each point of the 
surface, lis the distivnce of such [wint from the line of intersec- 
tion of the planes of the immersed surface and of the upper 
surface of the liquid. 

179. A cubic foot of pure water at 62° F. weighs 62'355 lbs, ; 
a cubic foot of sea water weighs about 64'25 lbs. Fresh water 
has its maximum density at 39°'l, sea water at about 25°'4. In 
passing from 32° to 212° F., water esi>anda about Jg- and at 
the temperature of maximum density, 1 cubic foot of fresh water 
-weighs 02-425 lbs. A column of pure water at 52°-3 F. 1 foot 
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higli, presses on its bajse with a force = 62*4 lbs. per square foot, 
or '4333 lbs. per square inch; the intensity of the pressure of a 
column of average sea water = 1*026, that of a similar column of 
pure water. The above laws and data are applied in designing 
cable tanks, in calculating the pressure of water on cables and other 
immersed bodies, and partially immersed structures. A cable 
suffei-s the pressure of the water and that of the atmosphere; 
biit the sides of a cable tank containing water, and the bottom 
of a floating ship, suffer only the pressure of the water, that of 
the air being neutralised by its equal intensity within and 
without the vessel. The unit 1 atmosphere refers to a pres- 
sure equal in intensity to 29*922 inches of mercury at 32° F., 
= 2116*4 lbs. per square foot, or 14*7 lbs. per square inch. It is 
evident the sides of a cable tank are not required to be so strong 
above as below, and they should therefore increase in strength 
downwards, to resist the increased pressure due to the increase 
of depth of fluid. 

180. The only particular in which the motion of air is of 
practical importance is in considering the pressure of the 
wind on telegraph structures; the maximum intensity of wind 
jiressure observed in Britain is 55 lbs. per square foot on a 
plane surface at right angles to the direction of the wind. 
During the last destructive cyclone at Madras the intensity of 
pressure reached 42 lbs. During the cyclone at Calcutta in 
1866, the highest recorded intensity was 33 lbs.; but the instru- 
ment had already become bent, and shortly afterwards the instru- 
ment, roof, verandahs, <kc., were blown away; the intensity 
was undoubtedly much higher than registered. The maximum 
intensity of pressure on a cylindrical surface is equal to about 
half the above quantities respectively per unit of area of the 
plane projection of such surface. 

181. As stated above, a body immersed in a fluid medium, if 
free to move, ascends and floats or sinks, according to the rela- 
tion between the specific gravities of the medium and body 
immersed ; the body tends to sink under the influence of its own 
weight, the effective force with which it is urged is the difference 
between the fluid pressure and the force of gravity acting on the 
body. Under these circumstances the body moves with the 

... ^ ., spec, irrav. medium 

lorce of gravity minus the force of gravity x gp^^ gray, body ' 

thus, the velocity with which a piece of iron tends to sink in 

water = 32 - 32 x -j^ = 27*5 — t.e., it would tend to acquire a 

velocity of 27*5 feet in one second under the accelerating force 
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iIuB to the combined BCtion of the flviid pressure and ita own 
weight. A fluid medinm offers resistauce to duplacemeut, for a 
body moving in a fluid Btrikea succBaaively different portions of 
the fluid nod inipresseei motion upon them, losing itself as much. 
motion as it tliiis communicatea ; the fluid therefore offers a 
resistance to tbe motion of the immersed body. Tbua resistance 
incrcRsos as the square of the velocity of the body's motion 
directly; for the resistance of the medium to the motion of a 
plane surftioe moving at right angles to its plane, with any velocity, 
ia equal to the weight of a column of the medium of a transverse 
section equal iu area to the moTtug sur&ce, and a height equal 
to that which a body must fall from to acquire its actual 
velocity; this height being as the square of the velocity, it 
follows that the resistance of the me<Uum varies as the surioce 
of the body and as the square of its velocity. Hence, a body 
moving under the combined influence of its own weight and a 
Huid [iressure, moves with a velocity tending to increase by 
reason of the continued action of the forces; but it tends to 
increiise iu au nrithraetical ratio with equal increments of time, 
whereas the resistance of the medium increases as the square of 
the velocity. Hence, the velocity will increase to a certain 
maximum, at which it will remain constant, and this constant 
velocity is attained when the resistance of the medium is equal 
to the force under which the body moves; for in this case the 
further action of this force is neutralised by the resistance of the 
medium, and the body moves with the velocity it has acquired 
up to this instant without further acceleration. The force with 
which a piece of cable tends to sink is its weight in water; under 
the action of this weight alone its velocity tends to increase, but 
it attains a constant velocity when the resistance of the medium 
is equal to this weight — i.e., when its weight in water w-Ct^; v 
being its velocity, and C a quantity depending on its surface. 

182. If a body be moved in a liquid, a sensible resistance to its 
motion is caused by firiction between the sides of the body and 
the liquid, in addition to the resistance to displacement described 
above. This friction depends in some manner on the nature of 
the surface, being greater with rough than smooth surfaces; it is 
sometimes assumed in the case of a cable to vary as the diameter, 
but in practice it is safer to use a constant or co-efficient of 
friction ascertained by experiment in each case. The friction is 

■also assumed in practice to vary as the squai-e of the body's 
motion and the area of its surface. 

183. Water moving in an o[>en channel, as a river or canal, does 
not move with the same velocity iu every part of its transverse 
section; the particles at the surface in the centra of the stream 
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move with the maximum velocity, and the water near the banks 
and the bottom has its motion retarded by friction; that at the 
bottom has the minimum velocity. In a very slow current the 
maximum and minimum velocities are to each other about as 1 
to 2, while in ordinary cases they are as 3 to 5, and with very 
rapid currents still more nearly equal. When the velocity of 
the current in contact with the bed, and nature of the material 
of the bed, are such that the current has no tendency to wasli 
along the material of the bed, the channel is said to be stable. 
The maximum velocity of current consistent with stability differs 
with the material of the bed, and is stated to be as follows : — 



Material of Bed. 



Soft Clay, . 

Fine Sand, . 

Coarse Sand and Gravel, 

Gravel, 1 inch in diameter, 

Pebbles, 1^ inch diameter, 

Heavy Shingle, . 

Soft Rock, Brick, Earthenware, 

Hock, various kinds, . 



70 



Velocity of Carrent 
per Second. 

•25 foot. 

•50 „ 

to 1-00 „ 
2-25 feet. 
3-33 
4-00 
4-50 
f600 
\ and upwards. 



99 



l> 






The above table is given by Professor Rankine on the authority 
of M. Du Buat, and it is selected by the author because the 
> velocities given are low compared with those given by other 
authorities. Many rivers, particularly in tropical climates, have 
both the beds and banks unstable, and such rivers are exceedingly 
difficult to cross successfully by cable. It should be remarked 
in this case that the channel is usually serpentine in form, the 
current is, as a rule, stronger on the concave than on the convex 
side, and consequently there is a tendency for the concave bank 
to become more concave, and for matter to be deposited on the 
convex side. The subject of the stability of river channels has 
great interest for the telegraph engineer, particularly in countries 
where the rivers, from their width or other cause, must be crossed 
by cable. 



Section VI. — Tlieory of Suhmersionf Recovery, d:c,, of Cables. 

• 

184. A cable suspended in water, between two fixed points, 
hangs in a catenary curve; but when the cable is being raised 
from or submersed below tiie water, the conditions are altered, 
the catenary is more or less departed from, and its formula are 
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no lougcr applicable. Air offers no appreciable resistance to the 
motiouH of a, wire or cables but water oflera a restBtance to dis- 
placement, and there is sensible frictitin between water and a 
iKidy moving in it, dependiug on the nature and areA of the sur- 
face and the velocity of the moving body. Thus, & cable hanging 
perfectly still in water hongs in the same curve as the same cable 
would assume if suspended in air, and, the atiperior density of 
the water being considered, the same formulie ai-e applicable to 
the two cases; but immediately any motion is impressed on the 
cable the conditions are altered in the one cose by the sensible 
resistance of the medium, and the conditions of the two cases are 
no longer similar. The ultimate elements to be considered are 
— the strength of the cable, its weight in water, the resistance 
the water oilers to displacement by the cable, the velocity of the 
ship, the rate at which the cable is payed out, the depth of water, 
ami the extent and nature of the surface of the cable as nSeCtiug 
friction. The proximate elements are — the rate of sinking, the 
angle of immersion, the length of cable actuallv sinking at each 
moment, and the velocity and diincton of its n ol on. Tl)e 
weight of 11 cable in air and in vite a I its tensile strength 
measured in its own length in nii aa 1 m ater are ascertained 
by calculation, and checked by ije m nt for eich pattern 

185. The modulus of tenacity 1 1 tl c ca-ie of a cal le is ts ulti- 
mate load i« tenter, meastivetl in length of the cible itself; the 
working modulus is generally one-fourth of the ultimate modulus 
in water. Ufa cable having the same or inferior spec itic gravity 
to water, the modulus would be infinite, and such cable would 
not run out from the ship by its own weight alone ; cables having 
a specific gravity su]ierior to that of the water they are to be laid 
in, have a finite modulus greater the less their specific gravity — 
they sink with greater or less velocity when cast into water. In 
this case, when the difierence between the specific gravity of the 
ciible and that of ■water exceeds a certain amount, the weight of 
the ctible hanging in the water is sufficient to dnig fre.sh portions 
of cable from the ship, and brake i)ower becomes necessary to 
prevent the cable running out too fast. The latter is the case 
which occurs in practice, all cables hitherto laid being consider- 
ably superior in specific gmvity to sea water. 

186. If a detached piece of cable were dropped into water, it 
would sink in a vertical direction by i-eason of its weight in 
water; it would tend to fall with an accelerated motion, increas- 
ing with the time of falling in an arithmetical progression; but 
lis the resistance of the medium would increase as the square of 
the velocity, a velocity would ultimately be attained at which 
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the force of gravity would be counterbalanced by the resist<ance 
of the medinm, and the body would move with the velocity it 
had already acquired without further acceleration. As the force 
of gravity is balanced by the resistance of the medium, these 
opposed forces must be equal and opposite; hence the velocity 
of falling would be uniform when the upward pressure of the 
medium, by reason of the velocity, equals the weight of the body 
in water. The velocity acquired will depend on the extent and 
mode of application of the surface of the falling body; other con- 
ditions remaining constant, it will be less the greater the surface 
the ^lore nearly perpendicularly the surface is presented to the 
pressure of the medium, and as affecting friction, the rougher the 
side surface. Thus, a long piece of cable dropped freely into 
water would sink quicker if immersed endwise than laterally; 
and it is evident, when immersed endwise, from the small extent 
of surface perpendicular to the upward pressure of the water, the 
retarding action of the medium must be sensibly due to friction 
only between the vertical surfaces of the cable and the water. 
Thus, the resistance of water — 

R = Ci72; (1.) 

C being a number dependent on the form, surface, &c., of the 
body, and found by experiment, and v being the velocity. When 
the velocity has attained its maximum and become constant 
R = M?, the weight of the body in water ; hence — 

w = Ct;2 (2.) 

For an Atlantic cable weighing *2575 lb. per foot in water, 
when sinking v feet per second perpendicularly to the direction 
of its length, C was found to equal about *154 (F. Jenkin) ; 
hence, for this cable, the maximum velocity of sinking in this 
manner is (2) — 

«- ■■^" ■ y w- 

187. It has been assumed that the cable is entirely free to move, 
but this is not the case in practice. The object to be attained in 
laying a cable is to place it on the bottom without tension, but 
without unnecessary slack; hence, instead of allowing the cable 
to mn out freely, it is restrained by tension at the ship; this 
tension modifies the line in which the cable sinks, causing each 
element to sink in an inclined direction instead of vertically, the 
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ilirection in ■which it would sink if acted on by gravity Klone. 
To enamiiie the conditions of Btibmersion, let it be Msnmod — 
Kirsllfi, that t|je bottom is horizontal, and that the cnble is la.iil 
in a strtiight line on the bottom without any tension. As each 
pirtion of the cable puses into the water, it tends to sink verti- 
cally by rcaaon of its weight; let this vertical force be resolved 
into two rectangular components, one at right Angles to the cable, 
itad the other in the direction of ita length. Tlia former com- 
ponent does not iiliect the tension on the cable — it is opposed by 
the resistance the water offers to displacement by the cable 
moving in its direction, and it affects the inclination of the cable 
to the horizon, termed the angle of immersion,' the other com- 
)ioaent affects the tension on the cable, and is opposed to the 
fviction between the oablo and the water, and the tenaion at the 
Hhip due to the action of the bnike. The resistance of the water 
to the motion of the cable, either in the direction of its length or 
at right angle to that direction, is dependent on the velocity of 
motion in the given direction, being directlv aa the square of that 
velocity. 

188. Considering only the component at right angles to the 
cable's length, the resistance of the water perpendicular to the 
direction of the cable supports the latter as an inclined plane, 
and causes it to lie in a straight line. The angle of immersion 
depends on the relation between the velocities of the ship and of 
the cable in a direction perpendicular to its length. If AB, 
'" [. 37, be the surface of the sea, CD the cable, and if the ship 
move from C to B wliile the 
element of the cable C movea 
to E, the relation between the 
lines CE and CB, representing 
velocities of ship and cable 

Fig. 37. respectively, are ^,-^,erthesino 

of the angle of immersion ACD, 
or CBE; hence the sine of the angle of immersion expresses the 
relation between the velocities of the cable at right angles to its 
length, and of the ship. If of tjie three quantities — the angle of 
immersion, the velocity of the cable, and the velocity of the Bhij> 
— two be known, the third may be readily found from the 

formula: - =8in (3), in which tii = velocity of ship, v that of 

cable perpendicular to ita length, and * - angle of immersion. 
The resistance of the water to the motion of the cable perpen- 
dicular to its length is given in formula (2). The velocity v ia 
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less than . / > because the cable is not suspended horizontally; 

for as only one component of the weight is considered, and the 
components are taken at right angles to each other, the rate of 

motion cannot exceed / =v; cos <^ w being the value 

of the component of the weight of the cable in the direction 
perpendicular to its length. Thus the Atlantic cable, weighing 
•2575 lb. per foot in water, could not sink fester than — 



y 



co s <t> '2575 _ 
"054 ""^' 



when oblique to the horizon. The weight of the cable overcomes 
the resistance of the water with a velocity which increases with 
this weight in water, directly as the cosine of the angle of immer- 
sion, and inversely as the co-efficient of the resistance the water 
offers to the motion of the cable. The introduction of the cosine 
is in accordance with the parallelogram of forces; it is evident, 
in considering the component of the weight perpendicular to the 
cable, that this has a less value the greater the angle of immer- 
sion, and when the cable is immersed at right angles to the 
surface of the sea, or vertically, this component vanishes. The 
velocity of sinking at right angles to its length, and the angle of 
immersion, are not affected by the length of cable in motion, as 
the resistance of the water acts equally on each portion of that 
length. 

189. Considering now the component of the weight taken in 
the direction of the cable's length, this component is equal in 
magnitude to the weight of the cable in water, multiplied by the 
sine of the angle of immersion — it is opposed to the friction of the 
water and the tension at the ship. As the cable lies in the water 
as if it were on an inclined plane moving in the direction of the 
vessel, the tension at the ship is less than if the length of cable 
hanging in the water were suspended vertically, and is equal to 
the weight of a piece of cable as long as the depth of the sea. 
Therefore the tension on the cable is not increased by diminishing 
the angle of immersion ; so long as the depth remains constant, it 
is independent of the length of cable actually suspended in the 
water at any moment, the firiction between the cable and water 
b^ng neglected. Thus, if the vessel be urged at an increased 
speed, the angle of immersion will be reduced, a greater length of 
cable will be on its way to the bottom at each moment, but 
(friction being neglected) the tension on the cable at the ship 




8 ACB, and 1 2 = 2 3 x 
1 ACB, . 
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will remain the same. If, in fig. 38, AC be the cable from thf 
Blii|) at A to the bottom at C, if a 
pulley be conceived at A, and aleajjtli 
of cable AB contiu^.ous witli CA, and 
eqwal to the depth of the sea, be sus- 
jieniieil over the imHoy A; then the 
I -weight of AB will balance that of AC 
lying on tlie inclined plane of water. 
friction being neglected. For by the 
poratlelograiD of forces the weight 3 3 
of CA, being resolved into two com- 
ponents — viz., 1 2 and 2 4, 24 = 23x 
lin ACB, the triangles are similar, and 
. tlie weight of AB will balance the com- 
ponent of the weight of AC in the direction AC whatever the angle 
ACE, fir the length AC, the cable being assumed free to move 
on the inclined plane AC without friction. Hence the tension 
at the ship, when the cable is laid in a straight line on a hori- 
zontal bottom, without alack, is — T = «!/i— _/"... (4); in which to 
is the weight in water of a unit of leugtli of the ciible, A is the 
depth, and/is the resistance ofiered by the water to the cable's 
motion longitudinally. 

190. The quantity / sensibly affects the result, and its value 
remains to be examined. The value of this quantity is assumed 
to vary directly as the square of the velocity with which the 
cable moves longitudinally; it varies directly as the amount of 
friction on each unit of the cable's length, and directly as the 
number of units of length in motion. In fig. 37, if DC represent 
the cable, and DCjthe level bottom of the sea ; in moving from 
the position DC to CiEB the element C will not move in the 
line CE at right angles to the cable ; instead of arriving at E the 
element C will arrive at C„ for DC, = DC. The cable being laid 
without slack, in moving from the first to the second position it 
will have slipped through the distance EC,, equal to the versed 
sine of CDC,, the longitudinal velocity of the cable therefore is — 



..(5.) 



If the cable leave the ship at a velocity Vn, stt])erior tp that of the 
shi]i, then the longitudinal velocity is — 



The resistance offered by the water per unit length of cable 
moving longiludiiially with the unit velocity, is termed commonly 
the co-efficient of friction ; it de^eadaonthe extent and nature of 



TENSION ON CABLE AT SHIP. 113 

the surface of the cable, being greater with rough than smooth 
surfaces, and with cables of large than small diameter. The law 
in which the resistance varies with these conditions is not known , 
it is sometimes assumed equal to the product of the diameter of 
the cable by a co-efficient obtained by experiment ; for the Atlantic 
cable of 1866 it was found the resistance per foot of cable to the 
motion of the cable longitudinally was -0085 lb. (Longridge); 
•007 d for hemp-covered, and '001 d for iron-covered cables (Clark 
and Sabine), are approximations considered sufficiently near for 
practical purposes, d being the diameter in inches. The value of 
the co-efficient is difficult to determine ; there is a general agree- 
ment concerning the formulae, but different values are given by 
several authors to the co-efficient ; as, however, there is always a 
percentage of slack allowed more than sufficient to cover inaccuracy 
in this particular, and cables are not purposely loaded to so near 
their breaking points as to render the inaccuracy of consequence, 
no practical difficulty arises from the use of an approximate value. 
The frictional resistance is directly as the length of cable in 
motion ; this length I is directly as the depth of the sea, and 
inversely as the sine of the angle ^, i. e. — 

1=-}-; (7.) 

sin ^ ' ^ ^ 

thus, / (4) is given by the formula — 

f-vliXCixl; (8.) 

Ci being the so called co-efficient of friction. Substituting the 

values, the cable passing out at a greater velocity than that of the 

ship, the case in practice — 

h ' 
/=(t? xversinf + ri„-t7i)2xcixg^ (9.) 

191. Dividing the quantity in brackets by Vj, placing v^ outside 
the brackets, and substituting for the versed sine 1 - cos : — 

cM(—'00sA^ 
^ "* sin f 



and (4) becomes 

T = 



=*L_!!:!&:!!iil' (lo-^ 

[^ sin f ) 



a formula agreeing exactly with that given by Messrs. Clark and 
Sabine (Tables and Farmuice) on the authority o£ Mx Y«sw|j' 
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rtilge. If the second member of the equation b« multiplied b^ 
^)536, and h be fiithoms, the t[niintity T will bo in hundredweights; 
lionuds iLud feet being used Avilhin the brackets. From the above it 

ia evident that the struin on the cable ia reduced whcm ~^ 

i« increased in value by increMing the percentage of alack, and 
the same effect is produced by increasing the apeed of the ship 

v., maintaininfi' the relation -^' coDstant. 

192. If the aliip bo stopped, the tension is no longer reduced by 
the friction and the resistance of the water perpendicular to the 
cable's length ; the cable forma a catenary ; and hence, if it become 
necessary to atoj) the ship, the cable should be allowed to run out 
to reduce the auji^le p nearly to D0°, and the tension as nearly as 
possible to hw, the least value it can have when the paying out 
has stopped ; for in this case there ia no tension at the bottom of 
the sea. If the cable hang obliquely, there is tension at the 
liottom, and the cable is under the action of three forces in equi- 
librio — viz., the tension at the bottom, the wpight of the cable, and 
the tension at the ship; as it hangs in a catenary curve, the 
tension at the ship exceeds that at the bottom by an amount equal 
to the weight of a length of cable equal to the difference in level 
— i*., the dip of the curve, or the depth of the sea. Thus, if T 
be the tension at the ship, T - fiw will represent the tension at 
the bottom. T is the resultant of the weight and the tension at 
the bottom; by the parallelogram of forces each component is 
equal to the product of the resultant and the cosine of the angle 
between its direction and that of the resultant ; hence T - hto — T 
cos f, transposing and expressing the division — 



This tension may be e.'cpressed in terms of Aw; let T=iAw, then 

'--ris-,-- <"^-> 

a; represents the tension when the cable hangs at the angle p, in 
terms of the minimum tension 7iio. From this formula it follows : 
when f = 90" the tension 3:= 1, or Amjx 1 ; when the angle f = 0°, 
then X = infinity; for f = 5°, x = 262-8, or T equals 2G2-8 x hw, &c. ; 
and generally, x represents the tension measured by the weight of 
ft length of cable equal to the depth of the sea. A table calculated 
from this formula is given by Messrs. Clark and Sabine, on the 
authority of "Airy," as a " Table of the tension of cable vhen 
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payed out at different angles ;" but this is incorrect, the formula 
does not apply to a cable during paying out, it is true only when 
the cable is hanging stationary. Observation of tensions and 
angles in practice proves that a cable does not hang in a catenary 
during paying out, and confirms the theory stated above. 

193. Tlus formula is useful to calculate the strain on a land 
line at the supports, when the difference of level between either 
of the points of support and the lowest point of the curve, and 
the angle made by the wire with the hoiizon at the insulator, 
are known. The angle at one of the insulators being measured 
with a clinometer, and the dip being known, the tension at the 
insulator may be calculated; and when the supports differ in 
height this may be calculated for each support. If the tension 
on the wire be known, the dip may be readily calculated from 
this and the inclination at the insulator. Some values of x are 
given in the following table : — 



;li Borisontal line. 


Tension maMored by weight of a niece 

of wire or cable eqaaiin lengta 

tothedlxv 


5^ 


262-8 


10° 


65-8 


15° 


29-4 


20° 


166 


25° 


10-7 


Z0° 


7-47 


35° 


5-53 


40° 


4-27 


45° 


3-47 


50° 


2-80 


65° 


2-35 


60° 


2-00 


90° 


100 



194. The formula (1 1 A) evidently represents the tension on 
each side of a bight of cable hanging stationary in the water, 
suspended from a grapnel ; as the cable is free to slip longitudi- 
nally on the grapnel, the tension on each side of the bight is 
balanced by that on the other side, and hence these tensions are 
equal. The tension on the grapnel rope T^ being the resultant 
of these equal forces, is equal to one of them multiplied by the 
cosine of half the angle formed by the bight, or — 



Ti = 



hw 



(12.) 



sin^ (1 -cosf) ' 

195. When a cable is lifted, the friction and the resistance to 
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displncemeBt offered by tha water do not act, as in tlie case nf 
BubmcTEion, to diminish the teueion on tbe cabk ; thej act iu 
opposition to the lifting force, and hence increase this tenaiun, 
and consetiuently the load on the grapnel rope also. Aa the 
friction and reBistance to diBplacement increase vrith the square 
of the longitudinal and transverse velocities of the cable reapec- 
tivply, it is of great importance in lifting a cable to do so slowly. 
If the cable be raised on the biglit the conditions are the most 
aerere, for the angle of the bight cannot be reduced ; if the end is 
on board, the loud on the cable admits of reduction by, as for as 
practicable, causing the yeasel to move over the track of tbe 
cable with such vclocitj', relative to that of the taking in of the 
cablR, as to keep the angle p as largo as possible. To obtain the 
load on a. cable while beiug lifted, it is necessary to a<ld to the 
tension due to the cable hanging in a cntenary tbe additional 
reaiatanco due to friction and resistance to displacement. Tlio 
value of the resistance due to iriction is obtained as explained in 
Paragraph 190. The value of the resistance to displacement may 
be obtained by menus of (2) ; for C having been ascertained by 
exppi-impiit, the resistiiuce to a cable moving in a diri?etirm pev- 
pondicular to its length with vf'loeity v is Co-; but ns the cjinle ia 
raised at an angle, this resistance is reduced as tha cosine of the 
angle it makes with the horizon f, hence this resistance per foot 
K = Co* cos f. As cables arc raised at considerable angles with 
the horizon, cos f is usually small, and v is also kept small. 



PART 11. 

PROPERTIES AND APPLICATIONS OP MATERIALS— OPERATIONS 

AND MANIPULATION. 



CHAPTER I. 

NON-METALLIC MATERIALS NOT INSULATORS PROPER. 

Section I. — Wood and its Application, 
Division I. — Properties, Preservation, and Carpentry. 

196. Wood has the organised structure and complex com- 
position common to organised bodies ; it is composed of spindle- 
shaped cells, or of tubes primarily of cellulose, more or less 
thickened by the deposition in their interior of lignine, which 
renders their walls impermeable to fluids and gives the wood its 
stiffness. Cellulose forms the basis of vegetable tissues, and is 
allied to starch. Lignine is not coloured by iodine, and has a 
slight trace of nitrogen in its composition. Woody Jibre, ligneous 
tissucy or ptuerenchymay in its early state contains and conveys 
fluids, but a deposit of lignine ultimately obliterates the vessels. 
Woody tissue contains naturally more or less of the organic sub- 
stances albumen, caseine, starch, sugar, kc. 

197. As obtained from the plant, wood is liable to alteration 
chemically by the fermentation of its contained fluids, and 
mechanically by exudation of these fluids. The form and volume 
is altered by drying (shrinking, warping). Unless dried either 
with the bark on, or slowly and with certain other precautions, 
the wood in the process of drying cracks in the direction of the 
fibres. Alteration in form, and the existence in the wood of 
organic products favourable to decay, attractive to insects, and 
conducive to the destruction of the wood by fungi, render wood 
in its natural state inapplicable to most purposes to which pre- 
pared, dried, or seasoned wood is applied. Not only is dried or 
seasoned wood more permanent in volume and shape, and more 
durable, but it is stronger than wood as obtained frt)m the plant, 
and of course lighter ; but unseasoned wood is easier to work. 
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Tlic resiatance offored to crushing is Boraetimos doubled by drying, 
and by the ordinary prooeas the heaviness is reduced by one-third ; 
when qiiite di-y, some kinds nre reduced to half their original 
lieuviness. From the above it is apparent that water and unstable 
nvgabic compoundij should be, so far aa pmcticahle, extracted from 
wood to give it its raaximnm durability, permanence of form, &c. ; 
and for many purjM>seB to whioh wood is applied, the idirinkiiig 
and Rplitting of the wood would either cause the work to fall to 
pieet'3, or so loosen the joints as to render the work unaorvice- 
able. It is also evident, in the event of wood being necessarily 
used in its unprepared state, no impediment should be placed in 
the way of the exudation of its moisture, by tarring, painting, &c. 

198. Injury to the organised structiire of wood is prejudicial 
to its strength, and should therefore, so far lu possible, be avoided. 
For this reason the abstraction of its products cannot bo indefi- 
nitely hastened without impairing the strength of the product. 
Split wood is stronger than sawn ; wood round from the tree is 
stronger than squared timber; and in pile-driviugapile cut with tliu 
pith of the tree in its ceuti'e, is found less liable to split than ono 
cut from superior timber in which this condition is not fulfilled, 
as when four piles are cut from one tree. In consequence of the 
organised structure of wood, its tenacity is greater with than 
across the grain ; and a square prism of wood bends easier across 
two of its opposite sides than across the other two sides, provided 
the pith of the tree be not in the centre of the prism. 

199. Useful wood is produced by both endogenous and exo- 
genous plants, the bamboo and palms are instances of the former. 
Wood from endogenous plants is however, of very limited appli- 
cation, being too slender and Sexible for the majority of purposes 
to which wood of exogenous plants is applied ; but, being light 
and tough, it is very useful for many puqMses. It frequently 
hap|>ens that little or no care is taken in selecting endogenous 
wood, and in removing from it fermentable matter, and hence its 
durability is underrated. 

200. The stem of an exogenous tree supplying wood encloses 
in its centre the pith; during the first year this is cellular, full 
of fluid, and occupies a large portion of the stem. The pith is 
enclosed in its sheath (the medullary sheath) ; around this is 
formed, in the first year, a layer of fibres or fusiform cells, a 
similar layer is formed in each succeeding year; the pith becomes 
indurated, it does not increase in size, but is never obliterated. 
The layers of fibres thus deposited are at first permeable by 
fluids, but beginning nearer the pith, ligneous matter is deposited 
in their interior until they are rendered impermeable and their 
cavities almost filled. The layers nearer the pith in which this 
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thickening lias taken place, is termed the duramen or hearts 
iooad, and this is the wood preferably employed in the arts ; the 
outer layers, in which the fibres are still permeable by fluids, is 
termed the albumum or sap-wood. The division between these is 
generally distinctly marked. The fibres or tubes are connected 
together by their membrano\is coats. Dr. Boucherie found a 
coloured fluid injected at one end of a log to form the name 
" Faraday/' appeared at the other end of the log forming the 
letters distinctly, proving there was little or no lateral difliision 
of the fluid. The pith and the bark are connected by the medul- 
lary rays or silver grain of the carpenter, these appear as narrow 
lines running from the centre to the circumference ; they are 
usually continuous from the pith to the bark, but occasionally 
secondary rays arise from the bark not reaching so far inward as 
the pith; they are not continuou3 from the base to the summit of 
the tree. The principal shrinkage in drying is perpendicular to 
the medullary rays. The bark grows by addition to its inside 
surface, while the wood grows by addition to its outside, hence the 
bark is continually distended. The sap ascends annually from 
the roots to the leaves, probably principally through the outer 
layers of wood, hence called sap-wood ; it descends chiefly by the 
bark, and detaches the bark from the wood immediately beneath 
it ; the space thus formed is filled with sap, which forms a new 
concentric layer of wood. The successive layers are separated 
by lines more or less distinct, in which the wood is more porous 
and darker than between these lines ; hence the number of rings 
between the centre and the bark exhibited by a cross section of 
the trunk of a tree generally indicates the age of the tree. Cedars^ 
planes, oaks, and limes have been found by the rings at least 1000 
years old; and as many as 6000 years have been assigned to some 
trees. Interruption to growth, however, may cause several rings 
to be developed in one year; and sometimes in hot climates 
there is so little diflference of activity at difierent seasons, tliat 
the zones cannot be accurately defined. The width of the zones 
varies in difierent trees, and at difi*erent periods of the life of the 
tree ; they are usually broad in soft- wooded trees and narrower 
in old than in young trees. If a tree be unequally exposed to 
light and air, ihe zones will be wider on the side more exposed, 
and the pith will be eccentric. Wide zones are generally an 
evidence of rapid growth ; they appear to be wider at a certain, 
period of the plant's life, differing with the nature of the plant — 
e,g,, the most rapid upward growth of oak is in the first ten 
years, the rate gradually diminishes till the thirtieth year, and 
then more rapidly ; this slow increase, after a certain period, is a 
reason why trees are often felled by the grower before they are 
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mature. Bratichea are Bimilar in structure to the trunks they 
apring friiia — they have of courae fewer annual ringB. A brunch 
muses a distortion and perforation of the fibres of those layers of 
the trunk formed uAer the branch hac] commenced to sprout; this 
perforation and Jistortion constitute what is commonly known 

201. The proportion between the heart-wood and sap-wood 
varies with the kind of tree, its age, and the soil on which it is 
grown ; — in three speoiinons of moJiuia quality, diameter = 1, it 
wua^oak ■294, cheiitnut '1, Scotch fir 416; probably there ia aa 
average number of layers of aajj-wood, or an average thickness 
for each kind of tree. When a tree has passed maturity decay 
commences with the pith; the centre of the tree becomes spongy 
or hollow, and the heart-wood proceeding from the pith becornea 
brittle and weaker thaji the wood more removed from the centre, 
and thnn the wood equally distant in the younger tree. The 
growth of trees is at first priuaipally upwards, and after the fall 
heigllt has been gained the bi-ancbes increase and spread. The 
mean heights in feet of the trunks of some trees are, ash 3S, 
beech 4i, birch 47, box 15, chestnut 44, elm 44, fir 57, oak 
44, northern pine 47, plane 44, sycamore 31, walnut 47. Heart- 
wood differs from sap-wood in its cells being filled with lignine, 
while in sap-wood the cells still remain hollow, and have 
their walls more or less permeable to fluids. Heart-wood is in 
many trees darker, it is much closer in te.xture, harder, specifi- 
cally heavier, stronger, and more pennanent in form and volume 
than sap. wood ; it increases in hardness, and becomes more 
homogeneous as the tree approaches maturity; after which it 
deteriorates from the centre. As all sap-wood decays rapidly, 
is inferior to heart-wood in strength, stiffness, and hardness, and 
is very liable to be attacked by insects, even in those trees whose 
heart.wood is never attacked, its employment is avoided as much 
as possible. 

^02. In temperate climates the sap rises during the spring 
and leaves are developed ; in summer the sap almost ceases to 
flow, and vegetation remains stationary; in autumn the sap 
descends and the leaves fall off; in winter the tree becomes again 
inactive. In tropical climates the dry season is the ))eriod of 
inactivity. While the sap is flowing the bark becomes loose, 
the condition of the tree can be thereby ascertained. The best 
seasons for felling trees are when the circulation is least active 
— viz., the middle of the summer or winter periods of quiescence, 
and during the dry season in tropical climates. Trees containing 
mucJi aap-wooii should be barked in the spring and felled in 
tio succeeding winter ; by tbia treatment the strength and the 
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durability of the sap-wood are increased. In the Himalayas 
coniferous trees are barked in the spring, when the sap is rising, 
and felled at the end of October; the sap-wood is said to be 
rendered by this treatment almost as strong and durable as the 
heart-wood. In Norway, to obtain a greater quantity of tur- 
pentine in the wood, and render it more solid and durable, they 
ring the bark of the branches just before return of the sap, the 
next year they ring the upper part of the stem, the third year 
the centre, and the fourth year the lower part. Some trees are 
better felled at midsummer, but the greater number are better 
felled in winter. Trees felled at an improper season are less 
durable, being more liable to attacks of certain insects, and to 
decay from fermentation of their contained juices; but this is 
of most importance when the tree contains much sap-wood. 

203. Strong and durable wood of any particular kind is dis- 
tinguished by its close texture, its greater specific weight, free- 
dom from knots and faults, if coloured by its darker colour, by 
its absorbing little water when immersed, and by straightness of 
grain. The centre should be sound, and neither spongy nor 
hollow, nor should soft or hollow places, indicating decay, appear 
elsewhere. The fibres should be strongly adherent, should cut 
ofi* short and not be torn by the saw. Of wood of the same 
kind containing resin, gum, or sap, that containing least is gen- 
erally considered strongest; and the presence of resin does not 
necessarily increase durability. Wood in which the annual 
rings and medullary rays are most marked is generally least 
homogeneous, and most liable to warp. Twining plants, by 
interfering with the circulation of trees, injure the quality of 
timber ; but these do less damage to endogenous trees, the latter 
being protected by the hardness of their bark. A knot or other 
hidden fault in a long piece of wood may often be discovered by 
supporting the wood at both ends and loading it in the centre, 
if a fault exist the curve of the beam will be affected by its 
presence. Hollowness is detected by boring with an auger, the 
tool should be frequently withdrawn and the cuttings examined. 
Quickness of growth, as evidenced by wideness of the annual 
rings, is stated to be prejudicial to strength. But Mr. Barlow 
found by experiment quickly grown oak was stronger than that 
grown slower ; and quick growth is stated by him to be a sign 
of vigour, and a proof of good quality in the wood. There is, 
however, much difference of opinion on this point; the strength 
must depend on the circumstances under which the rapid growth 
occurs ; thus, excessive heat and moisture, with poor soil, may 
induce a rapid growth of bad wood. During the most vigorous 
period of a tree's life the rings are wider than earlier or later. 
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To obtain tliu most wood of tlie best (joality, and to avoid sap- 
wood, the tree Khould be felled at niatnrit}-; th« time required 
to reach matui'ity for a few of the moat useful trees is given. 



Age u Matnril;. 

^ , f GO to 300 

^'^^ \ average 100 

Asli, Elm, Larch DO to 100 

Fir, 70 tt. 100 

Poplar, 30 to 50 

Norway Spruce aad Scolcti Pittc, . . 70 to 100 



I 



Trees grown too closely together are imperfectly noumhed. 
the functions of the leaves being interfered irith, and the roota 
not lieing thrown out vigorously. Fira should be grown at least 
6 to 8 feet, and hardwood treen 28 feet apart. Ti-eea grown in 
sunny and exposed localitieB furaiBh stronger and more durable 
wood than treea grown in shady moirt placesj stagnant water is 
vry prejudicial to strength and durability. Alder, nsh, beech, 
poplar, walnut, and willow, are tho [iriiicipal trees growing in 
moist places : pine and cedar grow best in sandy elevated places. 
Trees supplying the strongest timber are indigenous to warm 
climates; but of trees of tho same kind, those grown in the 
colder climate sujiply the strongest and most durable wood. 
This is attributed by some authoi-itics to slower growth in the 
cold climate ; but dilferencG of opinion exists on this point. 
Trees should be selected with well-developed roots, and should 
not have dead branches, particularly at the top; the bark should 
be uniform, and the tnink regular in shape. Frost causes trees 
to crack, and high winds cause separation of the annual layers; 
with the latter fault wood is said to be rolled. Clean stuff is 
wood without knots or sap-wood; free stuff ia clean and planes 
without tearing; frowy stuff is soft in texture, and its fibres are 
brittle ; in cross-grained wood the fibres have twisted in growth. 
204. The term liviber is applied to trees measuring 2 feet 
and more in girth; all timber ti-ees properly so called are exo- 
genous. While the tree is living the wood is called standing 
timber; when felled, Tough timber; with the outside pieces sawn 
off, squared or eided timber; the largest square log which can be 
cut from a tree is termed a baulk; the outside pieces sawn off are 
termed daha. When sawn up, timber is said to be converted; it 
is called scantling when in large pieces, planks and boards when 
ia thin pieces. A board 11 inches wide is termed a plank, and 
JesB than 7 incies a 6a(t«n. A. iplece o? -wood 70 to ''O feet long, 
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and 18 inches to 25 inches diameter, is termed a mast; smaller than 
this, a spcMT, A baulk cut longitudinally through the diagonal 
of its section is said to be cut a/rris-wise, 

205. Timber for purposes of carpentry is classified as coniferous 
or fir wood, and norir-coni/erous, hard, or leaf wood. Fir wood is 
generally straight in fibre, regular in figm-e, and, from the latei*al 
adhesion of its fibres being small, is easily divided along the 
grain; pine, fir, larch, cowne, yew, cedar, juniper, and cypress, 
are examples of this class. Non-coniferous woods do not contain 
turpentine ; they are, generally speaking, less regular in texture 
than fir wood, and better adapted to bear shocks and resist stress 
across the fibres. 

206. Timber may be felled at the proper season either by the tree 
being cut down at once, or by a ring being cut round it through the 
bark and into the sap-wood, so as to cut ofl* the supply of sap to 
the upper part of the tree, after which the tree is left standing a 
year to die and dry, when it is cut through. The latter mode is 
used when the object is to improve the quality of the sap-wood. 
A saw is the moi'e economical instrument for felling; but if the 
axe be used, the patterns in general use in the country will, as a 
rule, be found preferable in the hands of the native to foreign 
patterns; this applies also to other wood-cutting tools, as dhaws, 
kookeries, Ac, used for clearing. To fell a tree with the axe, 
commence on the side the tree will fall, and cut a deep wedge- 
shaped opening half through, then cut on the other side until 
the tree falls. Having felled the tree, it has to be prepared for 
use by removing as far as possible its fluids, and by shrinking it 
slowly that it may not split in the drying or after having been 
made up; by shrinking it thoroughly, its future shrinking or 
warping is reduced to a minimum, the process is termed diying 
or seasoning. Some woods warp more than others in drying, 
and hence it is more necessary to be assured such woods are 
dried before they are made up. For some purposes, as for 
joinery, it is essential the wood be thoroughly seasoned ; but for 
other purposes, as telegraph posts, although seasoned timber is 
much to be preferred, wood has frequently to be used before it 
has been seasoned; in this case the conditions favourable to 
seasoning should be as far as possible presented (Paragraph 197.) 
After felling, the log should be roughly squared by sawing off 
four slabs; large logs for masts are cut into octagonal prisms, a 
shape also commonly given to hardwood timber for posts. Firs 
for telegraph posts are only barked and planed. If the logs are 
to be cut up they may be halved or quartered at once. Some- 
times timber is allowed to lie six months before squaring; but the 
object in squaring is to prevent the timber cradang by unec^psl 
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cDutractioQ, and tu hasten the drying. When the difference in 
Btvuoture between aap-wood &nd heart-wood is considered, it 
will be evident the former may be expected to shrink more in 
drying; while being placed outside the latter, the tendency of 
drying must be to split tlie wood. Timber should remain one 
year iu scantling before being cut thin, or it may warp and split. 
Wood split in seasoning is said to be thakai; a quadrilntenU 
piece of timber, concave between two opposite corners and con- 
vex between the other two, is said to (Dim/, be vAading, or to 
warp. Timber to be used full size for beams or masts may he 
bored from end to end with advantage, as the liability to split in 
drying la thereby reduced. The logs should bejremovecl from 
the forpst as soon as possible, and placed perpendicularly or nearly 
80, the lower end being raiaed from the ground, in a. well-drained 
place, exposed freely to the air, but sheltered from wind and 
eu Jdeii changes of temperature, the object being to dry the w-ood 
gnidually. If the wood cannot be sheltered, it may be plastered 
with cow-dung and mud as a substitatej if it cannot be raised in 
the manner directed above, it may be placed horizontally, su|>- 
ported on iron or stono, nlliiwing a free circulation of air round 
each piece. Waste wood should be excluded from the timber, 
yard as favourable to insects and fungi, which might attack 
unseasoned wood. This method of SPASouing is termed the 
natural method; for carpenter's work two years, and for joinery 
four years are the usual ])eriods allowed before the wood is made 
u|K When fit for car]>enter's work it is said to be seasoned, 
when fit for joinery it is said to be dried, but it is not then 
perfectly dry; English oak, for example, cannot be thoroughly 
dried in much less than twenty years. The periods necessary Xo 
season or dry wood depend on the size of the pieces; in the open 
air, logs 10' X 6' X 6° are seasoned in eleven months, and dried in 
twenty-nine; logs 20' x 20' x 20" are seasoned in thirty-six months, 
and dried in ninety-aix (Tredgold). The loss of weight and 
Hlii-inkiige per cent, in a few cases (collected by Sankine) is as 
follows :— 



12 to 25 


2 to 3 


6 to 25 


2to3 


16 to 30 


about 8 


about 40 





Pine, 

Oak, British, 



The loss of weiglit is used as a test of se.isoning, it varies with 
the Hge and quality of timber, soil, &c. Timber is fit for carpen- 
ter's work, according to Roivle\et, -wKftn it has lost on&-8isth; 
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according to Tredgold, when it has lost one-fifth of its weight; 
dry timber for joinery should have lost one-third; these propor- 
tions must vary considerably in practice. 

207. The natural method of seasoning is the best, the product 
having its maximum strength and durability, but the time it 
takes is a serious disadvantage; hence quicker modes of season- 
ing have been devised. The principal of these are — water- 
seasoning, steaming, boiling, immersion in a dunghill, and 
desiccation by a current of hot air. Wat«r-seasoning : the 
timber is completely immersed in water (running if possible) 
as soon as cut, care being taken that it is sunk below the 
surface; after soaking a fortnight, it is gradually dried as in 
natural seasoning; it is fit for carpenter's work in six months. 
This process removes more matter than natural seasoning, it is 
very suitable to timber cut with the sap ; the product is weaker 
than that obtained by natural seasoning, but the sap-wood is 
probably more durable. Immersion for a fortnight would no 
doubt increase the durability of unseasoned telegraph poles, by 
rendering them better able to resist the eflects of exposure, than 
they would be if squared and erected at once ; and by hastening 
the seasoning, render it practicable to apply a surface protector 
at an earlier date after erection. Water-seasoning is very gene- 
rally applied to endogenous wood, particularly bamboos; these 
in Bengal are immersed for a fortnight or three weeks after 
felling. They are usually felled in October or November. 
Boiling and steaming for a few hours reduces the liability to 
shrink, but impairs the elasticity and strength ; boiled or steamed 
wood shrinks less than timber naturally dried. The boiling is 
continued one hour for each inch of thickness, but not exceeding 
four hours. This mode of seasoning is useful for wood required 
to be prepared quickly for joiner's work, for which purpose wood 
so prepared stands better than when naturally seasoned. Boiling 
and steaming are also used in bending timber. Immersion in a 
dunghill is a slow steaming; it is said to give good results, but i& 
of very limited application, as the quantity of timber which can 
be seasoned at one time is necessarily small. The strength of 
Babul is said to be increased by boiling, tliis is explained by Dr. 
Paton by the wood being saturated with tannin. The wood is 
boiled with the bark on as soon as possible after felling, after 
boiling it should be carefully dried. Desiccation by a current of 
hot air has been applied to the seasoning of timber, it is the most 
successful method of artificial seasoning. Shrinking and warping 
are lessened by painting and varnishing, but wood is always liable 
to swell and shrink under extremes of moisture and dryness re- 
spectively; thus, in India woodwork swells in the wet aea&Qix ^xl^ 
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shrinks in the hot weather; this oocurs more or less liowever old 
and dry the wood may be. A board cut radially from the trpe 
warps less than one cut in any other direction; other boards 
l>ecome convex towards the centre of the tree, honc« in joining 
planks, die, sideways, they should be so arranged that the 
teudency of each to beoome convex on one side of the work 
may be neutralised by the tendency of others to become concave 
on tlio same side, and vice verad, the work will then remain flat, 

208. Timber, under favourable circumstaneea, has very great 
durability. There are specimens of carpentry in roofa, Htill in 
good pregervation, one thousand years old, and there are numerous 
examples five hundred years old. Exposure to the son, wind, 
and alternations of moisture and dryness, causes timber to aaaiune 
It biuish-gray colour, to loan elasticity, and to crack and open into 
numerous flasurett longitudinal ly, exposing successively greater 
Burface to the atmosphere and more openings for the lodgment of 
moisture. In the case of telegraph poles in a tropical climate 
the atmospheric conditions ore very trying to the timber. Thai 
thin deterioration is due to exposure is proved by the fact that it 
does not go on underground. Posts badly decayed above ground, 
and considerably reduced in girth thereby, are frequently found 
perfectly preserved under ground. To preserve timber against 
this influence of exposure is the object of surface protection, aa 
tarring, painting, &c. The timber having been well dried, the 
surface may be protected by one of the following preparations; — 
1. Oil paint; 2. hot oil (linseed, gurjon, Ac); 3. a mixture of 
equal parts of oil (mustard or linseed) and coal tar, used hot ; 4. 
the wood may be charred on the surface, and then hot oil or a 
mixture of oil and tar applied. This is very efficient, and is 
used for timber to be inserted in the earth. The wood shonld be 
charred to rather less than an inch deep, being protected from 
the outer air during the process; the oil or tar should be applied 
immediately; the protection should be extended to 6 inches or 1 
foot above the earth line, as at this part and just above it posts 
often decay more rapidly than elsewhere. 5. Dipping entirely 
in boiling creosote, or only to 6 inches above the ground; this is 
successfully applied to hop poles in Kent. 6. Earth oil, this is 
used where cheap — viz., in Burmah and some parts of Lower 
Bengal. In painting wood to be exposed to the weather, several 
coats of linseed oil should be put on first and allowed to soak 
in ; the durability of tarring and painting may also be greatly 
increased by sanding the surface while wet. As resins are not 
jnore durable than "woody fibre, a surface protector requires 
/Periodical renewal on exposed surfaces. Wood alternately at 
Bbtirt intervBiB wet and dry, ia ieaVco^ei V^y wet rot; aur&ce 
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protection protects timber against this source of decay. Wood 
placed in confined and unventilated situations, without excessive 
moisture being present, decays by dry rot ; this is accompanied 
by the growth of a fungus, and timber so attacked is ultimately 
reduced to powder. Dry rot is not prevented by surface protec- ■ 
tion; in the case of imperfectly seasoned wood surface protection 
favours it. Wood is also liable to destruction by insects, the 
most destructive in India being the white ant and the goon; and 
there are several kinds of worm which destroy timber placed 
under water. Some kinds of timber are more liable to the 
attacks of insects than others ; in some the sap-wood only is 
attacked. Teak, saul, and iron-wood are not attacked by white 
ants; these woods require no protection., According to Major 
Sankey's experiments, to these must be added arjoon and eyne ; 
and bejar sar and seesum are only attacked in the sap-wood. 
The foot of a mast is best protected from the attacks of insects 
by a sheathing of sheet zinc, put on with zinc-coated nails, and 
continued to two feet above ground. If the mast be tarred, the 
zinc is soon corroded through by the acid of the tar; in this case 
Muntz metal or copper should be used. To protect wood from dry 
iK.t and the attacks of insects, it is injected — 1. With poisonous 
metallic salts, forming insoluble compounds with the constituents 
of the timber ; or, 2. Firstly with one salt, and secondly with 
another, that by chemical reaction an insoluble salt may be 
deposited in the timber; or, 3. With an antiseptic, which at once 
keeps away insects and preserves the timber. Of the metallic 
salts, the sulphates of iron and copper, bichloride of mercury, 
and chloride of zinc have been successfully applied ; but these 
salts are gradually removed by the continued action of water. In- 
jection with sulphate of copper is applied to telegraph poles in 
France by Dr. Boucherie, and it increases greatly their dura- 
bility; small objects, as cords, &c, are prepared by mere soaking. 
Wood in large pieces, some time after felling, is placed in a closed 
vessel, subjected firstly to a current of steam ; the vessel is then 
exhausted, and the solution allowed to enter and penetrate the 
wood. The method proposed by the inventor and most generally 
applied in France is, to inject the wood as soon as possible after 
felling. A cap is fitted to one end of the log, this end is placed 
3 feet higher than the other end, the solution is admitted to the 
cap by a tube, and the pressure is obtained by raising the vessel 
containing the solution on a scaffold 23 to 26 feet high ; the sap 
is driven out, and the solution takes its place. The best strength 
for the solution is 1 part by weight of the salt to 100 parts of 
water^ and '33 lb. of the solid salt is sufiicient per cubic foot. 
The advantages of this process are its t^heapness and aua^lvs&^^\ 
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tTie trees may be injected wliere felled ; three days is the average 
time required to inject a 25 feet pole. The most successful pro- 
cess is Bethell's, iu which the timber is SAtur&ted with creosote. 
The wood ia enclosed in Itermetically closed vessels, and thf^ 
creosote is injected as doBcribod above in the case of Bulplmte at 
copper. The pressure used rtin;e|c<ii from 5 to 10 atmospheres — 
the nearer the latter figure the better. The inventor considered 
7 lbs. of creosote per eubic foot sufficient, but this depends on 
the kinds of wood to be injected; for marine work 10 lbs. is 
considered sufficient, and 12 lbs. has been required by some 
engineers ; in hard woods it is sometimes difficult to inject more 
than 2 or 3 lbs. This process is esteemed most highly of all pro- 
ceaaes for preserving wood, which it protects against white ants, 
dry rot, and marine worms. Telegraph poles, properly injected, 
have been found well preserved after standing ten to fifteen 
years in temperate climates. The process has not been fairly tried 
in tropical climates on telegraph, poles ; it has been applied to 
railway sleepers and marine work, but the cases are not similar. 
It is not known how long the oil would be retained nnder tropical 
heat and rains. Injection is of little use unless thoroucihly done, 
whatever liquid is emplnyeil; i)osts prepiircd witli siilphate of 
copper sometimes decay almost as rapidly as unprepared wood, 
having been imperfectly prepared, and failure from the same 
cause is experienced in using Bethell's process. Injection with 
creosote is coming into more general use for telegraph poles ; it 
has not the simplicity of the Eoucherie process, and can only 
be employed where transport is cheap. A modification of the 
Boucherie process is employed in Norway; holes are bored in the 
sap-wood of standing poles and filled with solution or powdered 
sulphate, and stopped. Iron in contact with timber generally 
rnsts rapidly and injures the wood ; this is particularly the case 
with oak, and probably least so with teak. Iron fastenings 
should be protected by galvanising, by dipping the iron pre- 
viously heated to the temperature of melting lead into boiling 
coal tar or cold linseed oil, or the iron may be painted with oil 
paint, renewed from time to time. Galvanised iron is sometimes 
attacked when used with oak. Galvanise<l fittings to telegraph 
posts, when loose, are occasionally tightened by the insertion of 
pieces of ungalvanised iron between the timber and fitting ; this 
is objectionable, as the iron inserted rusts, injures the timber, 
and the fittings become looser than before ; wedges of hard wood 
should be preferred. The conditions most favourable to the pre- 
servation of timber are good seasoning, free circulation of air, and 
protection from extremes and alternations of temperature, and 
moisture and dryness, as met with in the weather of tropical cli- 
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mates. Timber is destroyed by contact with slaked lime; it should 
not, therefore, be placed without protection in concrete or mortar. 
Lime,when dry, is not prejudicial; it protects the woodfrom worms. 

209. Timber should be selected with reference to the purpose 
for which it is required ; an inferior timber may be sufficiently 
durable where there is no exposure to the weather. Timber kept 
constantly wet is softened and weakened, but does not necessaiily 
decay; certain woods are very durable underwater, notably elm, 
beech, and seemul. When to be freely exposed to the severe 
atmospheric influences of the tropics, or to alternations of wet 
and dryness, only the most durable kinds of timber should be 
selected, and these should be guarded by proper precautions. 
For purposes of shipbuilding, the committee of Lloyds estimated 
the durability of several kinds of timber; this varied from twelve 
years for teak, British oak, saul, &c., to four years in the case 
of hemlock pine (North American). In France whole lines of 
injected fir poles are found in a good state of preservation fifteen 
or sixteen years after erection; but if not properly injected, they 
decay in five or six years; unprepared wood has a durability 
inferior to this. In America the poles are tarred at the base to 
1 foot above ground. Their durability is — ^for cedar, fifteen to 
twenty years; chesnut, ten to fifteen; and oak, eight to ten. 
Good sur&ce protection would increase this durability consider- 
ably. In India, the posts being charred and tarred at the base, 
if of iron-wood, or teak, last fifteen to twenty years ; but if this 
wood be young, it is unserviceable after five or six years. Pine 
in large logs, as lower masts at river crossings, are tarred all over 
and charred at the base; they remain serviceable for five years. 
They are then decayed at the head, and the cross-trees and cap 
become dangerously loose; the buried portion remains quite 
sound if protected from insects by being placed below flood 
level. The durability of such masts might be increased by im- 
proved surface protection, regularly renewed, and by a portion of 
the top end of the spar being rejected, so as to ensure the top of 
the mast being of durable wood ; the thinning of the head of the 
mast is also prejudicial to durability. Kandeb spars, 50 to 60 
feet long, charred at the base only, are very durable, being found 
perfectly preserved after eight years' exposure in India. 

210. Woods having the fibres straightest, least interwoven 
witJi the medullary rays and interrupted by knots, are most 
elastic, suflbr least by warping, and split most economically; 
those in which the fibres are crossed and interlaced are tougher 
and stifier ; lignum vitse owes its resistance to splitting to the 
latter cause. Most woods split more economically from the 
small end than from the butt of the tree. The tenacity of 
timber with the grain depends on that of the woody fibresi the 
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temtcity iicruss tlie grain depends chiefly on lateral adkesion 
betweea tlie tiliros ; tlie tenacity with the fibres is generally 
greatest in timber having straight ajjd distinctly nmrked grun, 
it 18 diminished by ocwtiaued saturation witU water, and by 
steaniuig and boiling. The tenacity across) the grain ia always 
much Ie«a thau with the giiiin, it it) diminiehed by wetting the 
timber ; in pine wood this tenacity is very small aa compw^ 
with that of leaf wood. The proportionate tenacities with and 
across the grain, ascertained by espcriment is, in pine wood 
1 : 20 to 1 : 10; in leaf wood 1:6 to 1:4 and upwards. 
Tlie resistance to shearing with the grain — i~e,, by sliding of tha 
fibres on each other — is the same, or nearly the aanie, aa the 
tenacity aoross the grain. The resistance to shearing across 
the grain of English oak treenails has been found by Mr. 
Parsons to be 4000 Ibn. per square inch of aectiou, the planks 
connected having' a thiclcuess equal to at least three times the 
diameter of the toenail. Resistance to crushing along the grain 
is nearly twice as great for dry as for green timber of the Bune 
kind ; in dry timber this resistance is generally from one-half 
to two-thinls the tenacity. Timber m more compnassib].? ajid 
weaker across than with the grain. Many kinds of wood may 
be compressed to two-thirds or three-fourths their original 
volume, the compression being applied on all sides and across 
the fibres ; this is done in driving treenails — they are driven 
into the work through an iron ring which compresses them. 
The resistance to cross -breaking (as in beams) is generally a little 
less than the tenacity. The following table contains the most 
important data for several woods in common use (Rankine) — 







B. to Cradling. 


TSMOlty, 


M.ofB!«acitT. 




Ash, 


9,000 


17,000 


1,600,000 








6,300 






Beech, .... 


9,360 


11,500 


1,350,000 




Elm, 


10,300 


14,000 


700,000 to 
1,340,000 




Fir, Red Pine, . . 


(5,375 to 
\ C,200 


14,000 


1,460,000 to 
\ 1,900,000 




„ Larch, . . . 


5,670 


f 9,000 to 
1 10,000 


( 900,000 to 
1,360,000 




Oak, European, . 


10,000 


f 10,000 to 
\ 19,800 


1,200,000 to 
1,760,000 




„ American, . 


6,000 


10,250 


2,150,000 


/ Teak, Indian, . . 


13,000 


15,000 


2,400,000 
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Tlie constants of transverse strength (Paragraph 144) are as 
follows, in pounds — 

Ash, 666 to 777 

Beech, 600 to 666 

Elm, 333 to 640 

Fii-, Red Pine, . . . . 394 to 630 

„ Larch, 277 to 666 

Oak, European^ .... 666 to 765 

„ American, .... 688 

Saul, 900 to 1,160 

Teak, Indiaii, .... 666 to 1,066 

211. The factor of safety in various actual structures in carpentry 
varies from 4 to 14, and is on an average 4 to 6 for a dead load, 
and 8 to 10 for a live load. In practice the load on timber is limited 
to 1000 lbs. on the square inch. Erom the above data the resilience 
may be calculated by the formula given in Paragraph 67. 

212. Timbers are joined together by means of joints and £Eisten- 
ings of different kinds, chosen with regard to the relative 
positions of the pieces and the direction of the forces acting 
between them at the joint. Fastenings are classed according to 
the stress to which they are exposed — 

1. Those exposed principally to shearing and bending, as 
wooden and metallic pins, including treenails, nails, screws, and 
bolts. 

2. Those exposed principally to tennon — ^viz., straps and tie 
bars; a band of wire used to bind timbers together forms a 
strap. Iron stirrups are included in this class. 

3. Sockets. 

Nails are made of wrought iron, cast iron, and malleable iron 
by hand and by machinery ; hand-made nails are stronger than 
machine-made. A nail driven across the grain holds twice aa 
iirmly as one driven with the grain. Mr. Bevan's experiments 
shew that the force required to draw a nail &om a given kind of 
timber varies nearly as the cube of the square root of the depth 
to which driven, and that it increases with the diameter, the 
law of increase not having been expressed. The force required 
to draw nails differs with the kind of timber ; the results of Mr. 
Bevan's experiments on the force required to draw a sixpenny 
nail, seventy-three to the pound, driven one inch into different 
kinds of wood, were as follows— 

AeroH tiM Gnia. WithtfaaGnio. 

Deal, . . . 187 lbs. 87 lbs. 

Oak, . . . . 607 „ 

Elm, . . . . 327 ,, ^7 „ 

Beechy . . . . 667 ,, 
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Tbe forces refjuired to draw asunder a pair of planks joined by 
two nails, of seventy-three to the pound, were — 

Deal, 5 inch thick 712 llis. 

Oak, 1 „ „ .... 1,009 „ 

Aali, 1 ,. „ .... 1,420 „ 

Tho nails for listening planks to beams are nsually from two t-o 
two and a half times the thickness of the planks. A hole should 
be bored to receive a nail to prevent the wood being split. The 
holding power of screw nails, or wood scrowa, is probably nearly 
jiroportional to tbe product of the diameter of the screw, and of 
tlie depth to which it is screwed into the wood ; it ia roughly three 
times tlio holding force of a naiL In acrewing two pieces of 
wood together the screw should be free in the upper ]>ieee. 
Screws are made in sizes from half-an-inch to six inches ia 
length ; there are from twelve to thirty different numbers in 
each size, representing difierent thickness. The threads of 
bolts are usually made to a standard gauge, oalled Whitworth's 
gauge ; the proportiona are nearly aa follows ; depth of thread 
one-tenth, and i)itc!i one-liftb. ..f "internal diameter. Boll.s iin> 
named by the shape of the head and neck, as cheese round neck, 
liexagon round neck, &c. Bolts are usually secured by nuts ; 
when they have to bo often removed they may be secured by a 
key or wedge driven into an oblong hole in one of their ends. 
Square bolts should be jireferred, but cylindrical are the com- 
moner, round holes being easier to cut. Timber should be pro- 
tected by washers against the crushing action of bolt heads, nuts, 
and keys ; it is evident the wood will be crushed before the 
bolt ia strained to its bi-eaking strain, unless the area of eacli 
washer bears at least the same proportion to the sectional area 
of the bolt aa tho tenacity of the bolt bears to the resistance of 
the timber to crushing. This proportion ia 12 for fir, 6 J for oak, 
and 5^ for teak, these proportions being the lowest admissible in 
practice. When a bolt is placed obliquely to tlie direction of the 
timber, the timber may either be notched, bo as to present a 
surface for the washer perpendicular to the bolt, or a bevelled 
cast-iron washer may be applied one of whose surfaces fits a 
notch made in the wood while the other surface is perpendicular 
to the axis of the bolt ; the latter should be preferred generally, 
and a notch shotild never be cut on the stretched side of a beam. 
In driving wedges and joggles cai-e should be taken to draw the 
joint well together without straining it ; these are sometimes 
driven too tightly, by which the joint ia weakened. Of European 
woods, elm is considered, on account of its toughness, to bear the 
driving of bolts and nails the best. Straps are used almost in 
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t]ie same manner as bolts ; they have the advantage over bolts 
of not requiring so much wood to be cut away ; their breadth 
ranges usually from four to eight times their thickness. When 
practicable, straps to entirely surround timber may be made 
continuous, and driven on from one end ; when not continuous, 
they may be bolted on by eyes or holes in the ends of the strap, 
in which case the strap should be widened or thickened at the 
eye, to give it the same strength there as elsewhere. A strap may 
have screws cut on its ends, a cross i)iece being placed over these 
and fastened with nuts. A band of wire (Nos. 8 to 12) forms 
an excellent strap for some purposes, but the wire should be 
payed on with a mallet or lever, and hammered close as put on ; 
or it may be keyed tight with wedges. A stirrup is a kind of strap 
of the shape its name indicates ; it is commonly welded into one 
])icce with a suspending rod or stay. Sockets are made to fit the 
ends of pieces of timber; they should be of cast ii*on when they 
have to bear thrust only, of stout wrought-iron plates when they 
have to resist tension. 

213. Timbers are said to be joined sideways, perpendicularly, 
endways, or obliquely, according to the direction of the fibres of 
the two pieces joined relative to each other. In jointing and fas- 
tening timbers, the following principles should be adhered to : — 

1. Weaken the timbers joined as little as possible ; 

2. Place the abutting sur&ces of the joint perpendicular to the 
pressure to be transmitted; 

3. Proportion the areas of abutting surfaces to the pressure to 
be transmitted that the timber may be safe against injury; and 

4. Fit each pair of such surfaces accurately, in order to distri- 
bute the stress as much and as uniformly as possible. 

5. So j)roportion fastenings as to make them equal in strength 
to the timbers they connect; and, 

6. So place them that there shall be no danger of them 
crushing or shearing their way through tlie timber. 

Joints are classed as follows: — 1. Joints for lengthening ties — 
t.e., timbers subjected to equal and opposite forces applied to 
their ends and acting from each other; 2. joints for lengthening 
struts — i.e., timbers subjected to equal and opposite forces applied 
to their ends ai^d acting towards each other; 3. joints for length- 
ening beams; 4. joints for supporting beams on beams; 5. joints 
for supporting beams on posts; 6. joints for connecting struts 
and ties. 

214. Lengthening ties or timbers subjected to tension in the 
direction of their length, is performed by fishing or scarfing. In 
a fished joint the two pieces of timber abut end to end, and 
plates of iron or pieces of wood are bolted on to connect them ; 
iu a scarf, the pieces of timber joined overlap each other for some 
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Fifi. 39. 



distance. Fig. 39 repreBonts a fished joint i in thi« kind of 
joint the fisb pip«eii nliould 
have a totn.1 Hoctionnl nrca 
equal to that of the tic, Vtnt 
if of iron, allowance aiiould \>t> 
made for the greater tenacity. 
Thi^ llaU pieces may hmvn jiiuiit 
Burfaoee next the tit- ({iliuit; 
iishpd joint), or they may be connected to the parts of tlie tie by 
indents, or keys, or joggloa of hard wood, A and B, as shewn 
in the fifiure. Tlie effective area of thp tie is diminiahod by the 
bolt boles, and by cutting the indpnta and key-seBt« when tliese 
are used. Keys and indents should be placed at a sufficient 
distance from the end* of the fiah-plates and parts of tlie tie, to 
resist the tendency to ahear off layers of the timber, and the 
area of their abutting Bur&ces Bhould be Bufficieut to resist 
safely the greBtest tension to be exerted along the tie. The 
bolts should liave a joint sectional area at Itwit nne-fiflh the ares 
of the tie afler cutting the bolt holes; they should be square 
rather than ruumi in fiectinti, and should be so distributed anil 
placed at such distances from the ends of the two parts of the 
tie, that the joint area of both sides of the layer of fibres which 
must be sheared out of one piece of the tie before the bolts can 
be torn out, shall be as mtich greater than the effective area of 
the tie as the tenacity of the wood ia greater than its resistance 
to shearing. Fig. 40 is a joint scatfed and fished with iron 



Fig. 40. 



Fig. 41. 



plates indented. Fig. 41 is a joint scarfed only; this joint holds 
without bolts or sti-aps; a key of hard wood, e, of a depth one- 
third that of the tie, is driven in to t^liten the joint moderately; 
this joint without fish-plates has only one-third the strength of 
the solid timber tie. Fig. 



(^ 42 is a scarf joint with two 
i keys; it is supieriov to 41 



Fig. 42. 



and easier to make sound. 
The proportion the length 
of s scaif shouhl bear to the depth of the tie is given by Tred- 
gold: — For leaf wood withont bolts 6, with holts 3, with bolts 
And indents 2; these figures being doubled for pine wood. The 
examples given are the Bim^\eBi of tlie many ways of ac«rfing; 
theae joints, however, are Buffitaent foi ^■a.x'jtiaea ^4 tel«gr^th 
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construction, and they are generally preferable to the more 
complicated joints. Timber is seldom submitted to tension in 
telegraph structures, iron ties being almost invariably used. 
Lengthening struts, — as this includes the case of a pillar or 
post as well as oblique timber, it is of frequent occurrence in 
telegraph structures. In this case the two pieces should abut 
against each other at a plane surface perjjendicular to the direc- 
tion of the thrust, the joint may be fished on all four sides (fig. 39), 
or the abutting ends may be enclosed in an iron socket. In length- 
ening a topmast or other timber which it is essential should not 
be much increased in girth by a joint, iron fish-plates may be used^ 
and these may be let in or inlaid if necessary, or an iron socket 
may be driven on from one end. In the absence of fish-plates 
or bolts a spar may be scarfed, as in fig. 40, wire bands being sub- 
stituted for the bolts and fish-plates to hold the joint together. 

215. Lengthening beams. — Beams maybe lengthened by fishing 
or scarfing, the following conditions being fulfilled : — 1. The joint 
should be placed where the bending moment is small; 2. at the 
compressed side of the beam the two pieces should have a square 
abutment, oblique surfaces being avoided ; 3. the surfaces of the 
scarf should be parallel to the direction of the Joad. Telegraph 
masts are struts with respect to their own weight, and should 
not therefore be joined by oblique sui*face joints, such as fig. 41; 
the bearing surfaces of the joint should be at right angles to the 
axis of the mast. A beam may generally best be supported on 
another beam by a shallow notch being cut on the lower side of 
the upper beam to fit on the lower one, but strict attention 
should be paid to the principle laid down in Paragraph 130. A 
mortise and tenon joint, or a shouldered tenon 
joint is used to connect beams when one beam 
meets another at right angles; the shouldered 
tenon, which is the best joint in this case, is 
shewn in fig. 43. Post and beam joints. — 
To support the end of a horizontal beam at 
the side of a post, a shouldered tenon is used; 
where it would not weaken the work too much, 
and in small work generally, a common mortise and tenon joint 
is used, fig. 44; the projection on the end of the beam a is called the 
tenon, and the cavity cut in the post to 
receive it the mortise, the timber from 
which the tenon projects is called the 
shoulder of the tenon. The shoulder of 
the tenon and the mortise should be cut 
to exactly the same depth. The joint may 
be keyed, or a pin may be driyen through 
the tenon to prevent it drawing from ^*b 




Fig. 43. 




ri^44. 
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mortise. The tenon is uaiially cut to one-tliird of the ■wood. 
Instead of one tenon, two tonnuB itiul mortiBes are uauttlly cut 
in large work. The mortiae und tenoa weaken the timber too 
much to be applicable whuu the beam or post has to resist 
a considerable load ; it is applicable to small or tomporaTj 
work, but more properly belongs to joinery, and itn misuee in 
caqteutry should be avoided. In cai-penlry the shouldered 
tenon, tig. 43, is used; B is the beam, A a section of the post, 
C is the shoulder of the tenon which bears the load; it pene- 
trates the post at for about one-sixth of the depth of the beam; 
the depth of the tenon and shoulder is two-thii'da to throo- 
fourtha that of the beam, the width of the tenon proper ia about 
one-sixth that of the beam, and its length is double its depth; it» 
use is to prevent the shoulder C sliifting from its seat The 
tenon proper should be in this case at tight angles to the direc- 
tion shewn in the figure — i.e., to the shoulder C; the ligui-e 
repi'esents a joint between two beams. In the case of a beam 
resting on the top of a post or of a post Btanding on a beam, a 
_^_^ _^ small tenon on the post may be 

; fitted into a iiiovliso in thi- beam, 
or either of the joints A, E, fig. 45, 
may be used; the post is let into a 
notch cut in the beam, the not<^h is 
divided into two parts by a bridle 

i FG, CD) a1>out one-tifth the width of 
the beam, this bridle fits into a groove of the same shape and 
lize-cut in the top or bottom (as the case may be) of the post. 

Zie, A STRUT UEETlKti A POST, BEAM, OR TIE OBLIQUELY,— the 

timbers are joined by bridle and groove, 
as in the case of post and beam described 
above, or by a mortise and Jienon. In 
fig. 40 the strut A is notched into the 
tie D ; the notch has one plane surface. 
Fig, 46. CD, bisecting the obtuse angle, and the 

other ]ilane sui-fiice bisecting the acute 
mgle tho timbers make with each other; a tenon F one-fifth. the 



Fig. 45 
(shewn by the dotted lin 




Fie. 47. Rg. 48. 

breadth of the strut is atewn ty Wie 4qIU4 lines. In fig. 47 the 
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notch is cut with one surface, CD, perpendicular to the direction 
of the stmt, a bridle being left on the tie or beam, and a groove 
cut in the strut to receive it; the bridle, CDF, is one-fifth the depth 
of the tie. A stirrup may be applied, as in fig. 48, or bolts may 
be used placed obliquelj/ to Oie tie, post, or beam. This case is common 
in telegraph construction, and much unnecessary objection has 
been made to cutting the post, or making bolt holes through it ; 
as the surfaces of the joint are oblique to the axis of the post there 
is some loss of strength, but it should be remarked, that the notch 
is cut on the compressed side, and that with a stirrup the bolt 
hole passes through the neutral axis of the section ; but in tele- 
graph work the joint often occurs where the bending moment 
is greatest. 

217. The application of the preceding priuciples to telegraph 
construction will be generally evident. A line constructed for a 
temporary purpose may from necessity be placed on inferior kinds 
of wood, young, green, and felled at an improper season ; but even 
in this case it is apparent, by adopting certain precautions, the 
durability of such timber may be increased, and these precautions 
become of greater importance when there is the possibility of the 
line being required to stand longer than could be anticipated at 
the time of its erection. The conditions to which telegraph poles 
are exposed in tropical countries are very destructive to timber, 
as already stated ; alternations of fierce heat, high winds, abun- 
dant rain and dew, render it necessary to adopt every possible 
precaution to protect the wood. Hard woods needing little or no 
protection from insects should be protected by a good surface 
protector, renewed as requisite ; tar unmixed with oil is too thick, 
and does not penetrate the wood ; if tar be used it should be mixed 
with oil, and used hot. Coniferous wood, or other wood liable to 
be attacked by insects and to split from exposure, should not only 
be well painted with a surface protector, renewed from time to 
time, but this wood should be also injected or saturated super- 
ficially with creosote; if merely applied to the surface, the creosote 
should be applied hot. All timber should, as fiir as possible, be 
seasoned ; and surface protection should not be applied to green 
wood. Posts erected green should stand at least one year before 
a surface protector is applied, and this should then be applied 
duiing hot dry weather. Unseasoned wood is much improved by 
a fortnight's soaking (first stage of water-seasoning), and this 
should be applied whenever practicable in the absence of the 
means of seasoning the wood more perfectly. For a hardwood 
line great care should be exercised in choosing mature wood, 
young trees of all kinds are to be avoided as being very 
perishable. The extra durability of the butt of the tree should 
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be kept in view, and in sawa timber postSr tlie butt-c&d should 
be marked by the sawyer titat it may be put in the ground. 
Wliere admissible, boits and Etra^w Rhould be pi-eforred to wood- 
screws nnd naila ; in jointing frames, as in trussed poate, &&, iron 
sockets. atirnipH, aud £sh-ptiite8 should bo used ; and ties should, 
as a rule, be of iron wire or rod. In tnaking joints the aodela 
given should be applied, and the principles stated should be kept 
in view in applying them. A telegraph pole may be considered 
as a post or strut subjected to vertical pressure, aud as & beam 
when subjected to pressure acting obliquely ; the poles in a sti-aight 
line are normally struts, those iit angles are normally beams and 
struts. When poles break it is due generally to transrerae strain, 
and the post may bo considered as a beam Used at one end ; but 
poBtB loaded much vertioally, a» when lengthened considerably, or 
when supporting long spans or many wires, must be considered 
also as struts. Timber in which the length exceeds 100 times the 
diameter bends by its own weight. 

Division II.— Masts. 

218> Masts may be classed as standing and compound ; the 
former are in one piece fixed in or on the ground, the latter con- 
sist each of a standing mast supporting one or more running 
masts to give increased height. Both runaing and standing 
masts may be either made from a single tree or built of several 
pieces of wood. 

219. The wood commonly used for ships' masts is pine ; for 
telegraph masts light elastic wood should generally bo preferred, 
but these qualities are not so essential as in wood for ships' masts. 
Timber should as a rule be obtained locally — i.e., as near as possible 
to the site of the proposed crossing, inquiry being instituted for 
any timber likely to suit the purpose ; in no case should foreign 
timber be imported until indigenous timber has been well sought 
after. Having found timber of suitable quality and proportions, 
a slice should be cut off each end to examine the soundness and 
the quantity of heart- wood ; it should also be examined for &ults 
by bending (Paragraph 203). 

220. If the wood be purchased in the market it will probably 
be shaped, its section being an octagon ; if the log be obtained 
from the forest it may be shaped, or if regular in slmpe it may be 
used round. The advantages of using the log round are saving 
of labour and greater strength ; the disadvantages are the difficulty 
of preventing splitting in drying, and rapid decay of the sap-wood 
may endanger the safety of the mast by the loosening of fastenings. 
If the log is to be seasoned slowly it is probably better to shape it; 
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if tbe sap-wood can be injected, or waternseasoning is to be applie<1, 
it is probably better to use the log round. No difficulty need be 
experienced in injecting with sulphate of copper on the spot ; a 
simple apparatus may be devised for the purpose, and prepared 
beforehand. If the tree is to be used round it should be injected 
or soaked, and then barked and smoothed with the plane, being 
suffered to dry as slowly as circumstances will permit, and 
sheltered from exposure to sun and wind as long as possible. If 
to be shaped the log should be placed on blocks or thawts ; ii 
crooked, the concave side should be squared first, the sides are 
then cut perpendicular to this surface. The stick is reduced to a 
rectangular prism, it is then reduced to an octagonal prism by 
removal of the angles ; in reducing, the lines should be drawn on 
the cut surfaces and the ends, and care should be taken by frequent 
neasurement that the surfaces make the required angles with each 
other. When the stick is reduced, as above, it may be considered 
shaped, and is ready to receive fittings, such as stay-hoops, 
brackets, &c. 

221. The most economical proportions for a simple mast are 
one inch diameter at base for each three feet of length, the 
diamet-er at point of application of strain to be two-thirds that at 
base. 

222. The efficiency of stays to masts is calculated as for ordi- 
nary poles. Care is necessary to prevent the stay hoops from 
slipping down as the mast shrinks and its outer wood decays ; 
this accident is guarded against by the mast being shaped with a 
prominent ring of wood for each hoop to rest on, the hoops may 
be let into the mast, or they may be supported by bolts ; they 
should in all cases be discontinuous and closed by bolts passed 
through eai*s ; the bolts sei*ve as attachments for the stays, and 
are used to tighten the clamp from time to time. The first- 
named arrangement is preferred when the mast is shaped ; nails 
and staples wear loose, square-headed wood screws are more 
reliable. As a rule, masts should be inserted in the ground for 
from one-tenth to one-eighth of their length. If a mast bo 
erected on a low bank periodically flooded, it is not liable to be 
attacked by white ants or other destructive insects which may 
be indigenous to the country ; if the bank be high, the base of 
the mast may require to be carefully protected, particularly if 
the wood be of a kind very liable to be attacked by insects. In 
the latter case, the butt of the stick should be well roasted and 
painted while hot, either with creosote or a mixture of oil and 
tar ; it should then be covered with sheet copper, Muntz metal, 
or zinc, fixed on with copper, brass, or zinc naik respectively, to 
a foot or more above the earth-Une. Zinc oxidises rapidly on the 
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surface next the tar ; zinc of the gauge usually employed i 
destroyed by this c,ius« in threo to four years, aad should nd| 
be used For masts required to lust louger. If Ihd wood has beoB 
Btiaaoued, a aurliice protector should be carefully applied ovet 
'ttm whole surface of the luiiat; two or more ooats of oU aad lead 
paint, or of oil and tar, may be applied before erectioa, aai 
extfudiiJ to the inner Hur&ces of all joints ; or the joint* may btf 
made wnter-tight with white lead, in order to exclude motstumi 
The top of the mast should be furnished in every case with i 
rain cap, and this should be applied even to the beads ai_ 
lower masts. To hinder the dryiug up of the wood in tropicAl 
climates, a good plan is to bore a hole in the top of the maflt 
with an anger, for soma distance boring out the pith ; this bote 
should be kept well supplied with oil, being fitted with a peg t9 
keep out rain and hinder evaporation; the oil is absorbed by tha 
wood, and the mast lasts much longer, and dois not become i 
brittle as when this precaution is neglected. 

223. When a mast is required of such a size, either as regai-ds 
length or thickness, or both, that no single trunk would fumidi 
a stick of the i-equired size, or when a mast is to be built entirely 
of heart-wood, no trunk supplying this in sufficient quantity, the 
mast is built. A built mast is composed entii'ely of the strongest 
and moat durable part of the trees, and is therefore justly 
esteemed above a single-stick mast ; there is less lisk of unsound- 
ness in the built mast, and the hoops used to hind it render it 
denser and stronger ; but to build a mast requires more know- 
ledge and skill to ensure success than to Bha|)e a single stick. If 
a standing mast is to be built of two or more pieces of timber 
joined in the direction of their length, the joints should be 
chosen as directed in Fai-agraphs 316 and 21T, and the mast 
shoiUd be stayed at the joint. The joint may be scarfed or 
fished — a socket may be fitted on the end of each log, and the 
logs bolted together by the socket flanges, this is useful when 
a mast is to be erected in i)ieces ; straps or hoops, or one wide 
hoop driven on from one end may be employed, but as the outer 
wood deteriorates, bolts through the heart should be used as a 
rule. In connecting thick timbers, iron or hardwood dowels 
may bo employed ; the jointing employed in constructing the 
malting shears (described by Mr. Glyn) built by the late Oliver 
Lang, Esq., at Woolwich dockyai'd, furnish an example of their 
employment. The spars for the shears and sprits are 26 and 24 
inclies in diameter, and 132 and 136 feet long respectively, and 
octagonal in section ; plates of wrought iron 1 j inch thick were 
inserted in the abutting end of each spar, jbur wrought-iron 
dowels, 2 feet long and i inches thick, pass through the octagonal 
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plates, ft central plate, Ij inch thick, io placed between the 
abutting aurfacea — ita edge is notched to receive the fish-plates — 
this plate prevents twisting at the joint. The joint is held 
together by long iron fish-plates or splints, let in flush on each 
iace of the prism and bolted by through bolts, wrought-iron 
hoops are driven over the splints, and a thick broad hoop is 
driven over the edge of the ceatre plate. The dowels give 
additional stifTness, and the joint is calculated to resist thrust 
well ; it is suited to the case of a telegraph mast, particularly 
wlien two sticks are required to be joined endwise without 
sacrifice of height ; the Joint should be invariably protected 
against transverse stress by stays. Such a joint requires to be 
made with great care to fit the parts together accurately, and it 
would be better in hard wood than in pine, 

224. The principle to be kept in view in building a mast to 
gain increased diameter, is to so connect the pieces of which the 
mast is- composed that they may resist transverse stress, not as 
several pieces acting together, but as one piece (Paragraph 131). 
If several pieces of wood be placed together and be free to slide 
on each other, the combination will be more elastic, but weaker, 
than a single piece of wood of the same dimensions. If the 
pieces be indented into each other or keyed, it is evident the 
component parts of the compound log must bend together and 
act as one piece, provided the indents or key-seats be deep 
enough to resist the tendency to shear off layers of fibres. A 
beam to be supported at both ends, and loaided uniformly or 
in the centre, should be built symmetricftlly from the centre; 
if it is to be bent in one direction only, it may be built as 
in fig. 51, which represents a beam to be loaded vertically, the 
abutting surfaces of the upper piece face outwards. If a bar 
' be liable to be bent in every mrection, as in 
the case of a mast, the indents or ke^s shonld 
be the same in both pieces, as shewn in figs. 49 
and 50. If joggles or keys be used, they should ' 
be placed with their fibres at right angles to 
those of the beam, and in the direction of the 
beam's depth ; if they be made of iron, or wood , 
much harder than that joined, they are more 
liable to work loose and damage the timber, 
than if of a material more nearly approximating 
in hardness to the timber they are inserted in. 
Neither indents, bolts, nor keys are placed where _ _____ 

the shearing stress vanishes, nor where the pj.^ 49^ p^g_ 5_ 

bending moment is a maximum. Accordii^ to 

Tredgold, the joint depth of all the keys shonld be somewhat 
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greater thau once uarl a tKlnl cJiu depth of tbc beam, n. 
fiard \moJ tlieir width should be &bout twice their thj 
AucoiMliDg to Duhiuuel, tho Joint depth of tb« iudentB shooli 

not lie lew than tw»-thii-alk 

r-r [i li I _Ji_JJ thti depth i>f the comhin&tioa^ 

H-H^— ^j Ir^dL lZJU Figg. "is, 50, and 51 illufc 



Fig, 51. 




tnito the principles on wbii 
beams and mosta tire bui 
but in the case of the latter, prjictice varies and differa more 
Ices from the above models. Figa. 62 and 53 illustrate mudes 
buildinj; initsta employed in practice^ Fig. 02 A is a mode tui 
in the French navy ; a featlier iu one pii-ce is let into a groove 
the other ; to prevent sliding when resistin); stress in the plaa* 
of the pivpcr the bolts are alone to be depeiuled upon, anil th«M» 
ultimately wear loose in consf^quence of the vibration anil tfaa 
softness of tho wood. In Iiu4 
wood the bolts would not uMl 

S. readily become loose, but a« tlM 
sliding is not prevented by abut- 
Rui-fiict'S, thifi j'jint is not 
— t^ — TT~ recommended. B and C, fig. 52, 
B /"i^iL i^^^ *** other modes of building ; in 
V^w TO^ / ^ keys may be used to prevent 
"^^ ''*' ■' sliding ; a mast may also be built 
by planting logs on a central log 
I siiaped to a polygonal prjsm, the 
whole being connected by indents 
01' joggles to prevent sliding, and 
hooped. More perfect modes of 
building are shewn in fig. 53 ; the sections a, b, and c alternate 
with A, B, and C respectively, at equal distances along the length 
of the mast ; it is evident slidiog is prevented by these modes of 
joining, they are on the same princijile as figs. 49 and 51. An is 
a good model, it is less dependent on accui-ate fitting, and lew 
likely to become loose, if the wood should warp, than figs. 49 
and 51. The practice in Her Majesty's dockyards is shewn in 
fig. 53 B6 ; it is evident on inspection of the figures, in resisting 
sti'esB in the direction of the arrows tho greatest strain on the 
iibutting surfaces is where these surfaces are weakest — viz., at 
the points 1 and 2, and where the stress is very slight (viz., at 
the centre) the abutting surfaces are most extensive ; Cc is evi- 
<lently a more rational form, but B has certain practical advan- 
tages when applied to ships' masts ; the outside seam is straight, 
it therefore looks fairer, and water cannot lodge in it ; this form 
draws together well when hooped, the hearts of great tmitks 
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Fig. 53. 
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being softer than the outer rings : the soft heart in this form of 
joint is well exposed to compression by hooping, the compression 
rendering the hooped-bnilt mast stronger than a single piece of 
the same dimensions — this form is also calculated to resist 
torsion. Of the above models, fig. 63 Aa is the plainest ; it is 
the easiest to make well, and for jointing rectangular logs should 
be as a rule preferred ; B6 is a model in use for ships' masts, but 
as telegraph masts do not have to resist torsion, and are some- 
tiroes of hard wood, which cannot be much compressed by hoop- 
ing, Cc seems better suited to the necessities of the case; it 
would not hoop so well, and more wood is sacrificed than in B6, 
but the joint is easier to make well ; there is a larger opening in 
Cc, in which moisture might enter, but the surface of the joint is 
less, and there is less danger of water lodging in the interior 
than in B6. In building masts after these models the pieces 
should be fitted as accurately as possible, the plane being used 
in finishing the surfaces ; when put together the seam should not 
be quite close at first, it should be closed by the hooping, the 
hoops being driven hard, and a considerable interval being 
allowed to elapse between each spell. In adding pieces in the 
direction of the length, when building a mast in length as well 
as diameter, these pieces should break joint with each other. 
The proportions of built masts are the same as those indicated 
already for single-stick masts (Paragraph 221). 

225. When great height is required (above about 70 feet), it 
is usual to employ a standing mast carrying a running mast, and 
the compound mast is then constructed after the model of a 
ship's mast modified to suit the simpler case of a telegraph mast, 
which not being required to carry sails, &c., does not need such 
numerous and complicated fittings. The parts of a ship's mast, 
their functions and relative positions, are described below. The 
line on the mast marking the line of the deck is the partnara; at 
this place the mast has its greatest or gwen diameter, which is 
referred to as the diameter of the mast; the diameter of a tele- 
graph mast is its diameter at the ground line. The end of the 
mast resting on the keel of the ship is termed the hod, and the 
portion between the heel and the partners is termed the hovs- 
ing. From the partners, measuring in a direction from the heel, 
the mast is divided by imaginary lines into four parts, the points 
of division being termed the quarters; one of the four parts 
forms the head, which extends from the third quarter to the end 
of the stick. Aa the housing is commonly from a quarter to 
nearly one-third of the total length of the mast, it follows the 
length of the macit-head is from three-sixteeiiLtlui to one-sixth the 
total length of the standing mtmL For example^ in a standing 
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maat having 110 feet extreme length, about 19 feet would be 
head &nd 29 feet housing, tlie height gained above deck would 
thus be G2 feet only. A Himilfir telegraph mast would be buried 
only 10 to 13 feet, and would Jiure therefore additional height 
for the same extreme length. 
Fig. 54 represents the head of 
a standing mast and the heel 
t of a running mast (termed the 
' topmast) fitted together : — 
/ the standing mast has 
oaken cheeks e, fastened to 
the mast by five through bolta, 

I , ^^ and by either two square 

■ — ] A I \y coaks formed from the mast, 
or by circular coaks ; tlie lower 
portions are secured by a hoop 
or hoops. The diameter of 
the standing mast at the upper 
line of the oak cheeks, termed 
th.' hoiiiuia, is three-fourtha 
the given diameter; the head- 
ing is square in aection, and 
tapers from three-fourths to 
five-eighths of the given dia- 
meter, d the trestle trees 
rest on tlie cheeks, which pro- 
ject therefore from the mast 
at tlie upjier part, at least 
half the width of the trestle 
trees. The trestle trees are 
made equal in depth to half the given diameter of the mast, and 
in breadth to half their depth. In ships' masts the length of the 
trestle trees is regulated by the breadth of top required fore and 
aft, but in telegraph masts they should only be long enough to 
carry the topmast, and to allow enough wood to carry the 
necessary bolts and fastenings safely; they are rounded off at 
the lower corners, as shewn in the figure. The crosa-trees oi, 
are made in length the breadth of toji required, but in telegraph 
masts they need only be made to project beyond the trestle trees 
a distance equal to their width; tliey are the same breadth as the 
trestle trees, and in thickness two-thirds their depth; they are 
notched on the trestle trees by scores about an inch deep cut on 
the trestle trees, and Italf this depth on the under side of the 
cross-trees; these notches being placed together, saucer-headed 
bolts are put through at the junction, and nutted at the under 
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side of the trestle trees. Chocks A, A, are put on fore and aft of . 
the mast in ships' niast^, but one chock, or a third cross-tree, to 
separate the standing and running masts is all that is necessary 
in telegraph masts. Blocks termed bolsters, • c, are bolted to the 
mast, their upper outer edge is rounded off; the stays (shrouds) 
are placed round the mast-head, and rest on the bolsters, which 
are curved and padded or plated with metal to receive them, the 
bolsters protect the stays and trestle trees from injury by con- 
tact with each other. When the shrouds are of hempen rope, 
the bolsters are covered with tarred canvas or leather; but when 
the shrouds are of iron, iron plate is used over the bolsters; 
on telegraph masts hardwood bolsters or a covering of metal 
may be used ; there is less wear on the bolsters than in a ship's 
mast. Telegraph masts should be stayed in the same manner; 
the stays are usually used in sets of four, they should be well 
spread, and disposed so as to be equidistant from each other, and 
also from the mast. In ships' masts the cross-trees are frequently 
continued for some distance beyond the trestle trees, and are 
made to serve as strut braces to stiffen the running mast ; in 
telegraph masts it is evident the trestle trees might also be 
lengthened and employed as struts; but this can seldom be neces- 
sary as there is usually no limitation either to the spread or 
number of the stays. When, however, this trussing becomes 
necessary or is deemed expedient, the ties are connected to the 
standing mast by an iron hoop or chain necklace let into the 
lower mast below the cheeks; this hoop or chain is provided 
with tie shackles, and should have one or more openings with 
ears through which a bolt or bolts are passed to draw it close to 
the mast. The mast-head is square in section, a square tenon 
being cut for the cap. The cap I may be made of wood or of 
iron ; the latter is probably best suited to telegraph masts, iron 
caps being simpler than those of wood ; the wood employed in 
the merchant service is usually African oak. The cap is in 
width twice, and in thickness five-sixths the diameter of the 
topmast, the ends are rounded as shewn ; the holes are set off 
so that the substance of the wood left between the holes equals 
half the taper of the masthead and the thickness of the chock 
between the trestle trees ; the wood left between the round hole 
and the end is equal in width to two-thirds the depth of the cap ; 
the width between the square hole and the after end of the cap 
is equal to the depth of the cap ; the round hole is one inch 
larger than the diameter of the topmast to pass through it, 
seven-eighths of this is to allow for a leather padding and one- 
eighth for play. The cap is generally reduced in thickness one- 
twelfth on the edge for the gain in Ughtness. It is surrounded 
by an iron hoop, generally about one-third its depth and one 

L 
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tiuai-ter to five-eightks of an incli thick, according to the size of 
thi' cun ; horiiontal strengthening bolts are driven through the 
cap and clenched. In setting the cap on the tonon of the mast- 
head, the square hole is cut taper, and it should not go down to 
the shoulder of the tenon trithui one and a half inch to allow for 
shrinking. Two iron plates should be screwed on the tre«tl« 
trees for the fid k to rest on; a ring>-bolt ia bolted to the cap to 
carry a block used in raising and lowering the topmast, hut in 
telefjiiiph moats a i-ope sHng put round the caji when required ia 
to bi> pi-eferred. 

226. Topmasts, have their giren diameter at the BttuiHing 

mast cap, from this to the ht^el they arc parallel ; th« 

heeling ia two to two and a half diameters long; if it i» 

too sniull to fill the hole in the trestle trooa, filling must 

be applied to the hole, allowing only a quArt-er of an 

inch for play. A hole for the fid k, Gga. 5i and 55, ia 

cut through the axis of tho mast, the lower edge of the 

fid-holo being made at a distance from the hoop 12 3, 

fig. 55, one inch greater than the depth of the trestle 

trees, the inch being iilli'wod fur the iron plntes pl.iced 

on the trestle trees for the fid to rest on. There is 

often want of skill in working telegraph masts, and they 

likely to stick in the trees than ships' masts. 

Fib. 55 being seldom run ; hence there is a liability to run the 

topmast heel out of the trees : the author knows of 

two instances in which to]>ni;;sts were shot over the caps, fell to 

the gi-oiind, and were broken. The best 

mode of pre\'enting this accident is to have 

projections forged on the ring 12 3, fig. 55, to 

prevent it passing through the trees. Fids 

arc mostly of iron, their length is usually 

one and a half the given diameter of the 

lower mast, their depth one-third the 

diameter of the topmiLSt, and their width 

two-thirds their depth. A sheave s, fig. 55, 

is pliiced above the fid-hole, the groove 

heiog cut from the centre line of the surface 

3 to the central line of the corresponding sur- 

facu Oil the opposite aide. Fig. 56 shews the 

head and stops of a topmast, the shoulder c 

forms the stops, the head above the stops is 

square in section. The proportions of the 

cap, ttc, are the same as for standing 

masts, but the stops of the topmast must 

not be too W^e ^ ^lass through the lower 

J&. ML mast cap -, 8.n4 tbft iSa.m^'^Kt «. ^!q& ^miinds 
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is ^^ and at tlie head -A-, of the given diameter, which is 
about 1^ that of the standing mast. Bolsters are used as for 
lower masts, and topmasts are stayed in the manner described 
for standing masts. The running mast, which is supported 
by the topmast, is termed the topgallant-mast, and the mast 
above this is the royal mast ; the second and third named are 
usually in one piece, the royal being only a continuation of the 
topgallant-mast; in this case the cap, trestle trees, &c., are 
of course unnecessary to connect these two masts. The heel- 
ing of the topgallant-mast is formed like that of the top- 
mast; the lower edge of the fid-hole is one diameter and one 
inch from the heel, its depth is half the diameter, and its 
width three quarters of its depth. A shoulder merely marks 
the termination of the topgallant-mast and the springing 
of the royal pole, the latter being usually short. On this 
shoulder the stays rest, a copper tube with a rim, fig. 57, being 
first let over the royal-mast to rest on 
this shoulder; the* rim or fianch of 
this tube causes it to catch on the top- 
mast cap and support the stays there 
when the topgallant-mast is lowered. 
The topgallant and royal-masts may ^ pj„ 5y^ 

bo regarded as one mast. The dia- 
meter of the topgallant-mast is greater usually than two-thirds 
of the topmast, the taper is the same as that given to topmasts. 
The height of a ship's masts is regulated by the extreme breadth 
of the ship, in order that the masts may be properly supported by 
the rigging ; the confined area in which the mast has to be stayed 
also renders it necessary to brace it. In the case presented by 
a telegraph mast there is not the same limitation as to height; 
bracing may be employed, but staying is sufl5cient when only one 
running mast is employed, the commonest case in practice. 

227. Two examples, shewing the height gained by ships' masts, 
are given below : — 

Example I. — Merchant vessel, 1563 tons. Breadth, 42 feet 
6 inches — 







Mainmast, 

Topmast, 

Topgallant-mast, 

Royal-mast, 

Totals, ...*••• 



Lengtb. 



lor 6- 

60' 
34' 
22' 6" 



Head. 



16' 

8' 6" 



Diameter. 



32' 
19' 
14" 



\ 



2\« 



^V 'q* 



\ 
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In this exiimplc, from the extreme length must be dolucted 
about 24 feet for housing, and 24 feet 6 inches for the heodBj . 
the height above the deck is thus about 170 feet. -md 

Example II. — Man-of-war, 120 guns— ^ 





"r^ 


^t 




u9-ca 

68 '08 
31-41 


3-33 

I-7I 
■97 




Toi)galliint-niaat, 


22215 







From this total must be deducted about 35 feet for housing, and 
30 feet for heada, giving 157 feet clear; this would be increased 
by the royal pole. In telegraph ma^ts the loss of height by 
housing is only 10 or 12 feet; thus, a telegraph mast ini^ht be 
ercctfd, after the model of shiiw' moists, tu'stimd ni-.irly 200 f,^|.t 
clear, without exceeding dimensions common to ships' masts. 
Col. Shaffiier describes several high maats — one wns composed of 
a standing mast 110 feet long, surmounted by four running 
masts, 70, 57, 43, and 27 feet respectively; the heel was not 
buried. The design was not, however, in several respects such 
as to be worthy of imitation ; it is merely refeiTed to as the height 
attained in practice. Sometimes masts simply stand on a plat- 
form, being held to prevent slipping by a suitable arrangement 
of timber ; the platform distributes the pressure over the ground 
to which it is fixed by piles. In India a mast the base of which had 
been damaged by white ants, was rendered serviceable by placing 
a platform of timber under it in the manner described; and this 
mode of construction baa advantages which may render it worthy 
of consideration under some circumstances, the principal being — 
the gain in height, the fact that a platform of teak may support a 
pine mast and protect it from white ants when the ravages of 
these are to be feared, and the foot of the mast is exposed for 
examination ; but it is simpler and much cheaper, under ordinary 
circumstances, to place the mast in the ground, and the employ- 
ment of the other mode most be regarded as exceptional. The 
rivers Luckya, Brahmapootra, Toongaboodra, and Gorai, in Lower 
Bengal, were crossed by compound masts; at the first three, the 
mas^ were each of two pieces, one standing and one running 
mast; the st&nding masts were 74 uid 75 feet, the rumung 
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masts about 44 feet, in some cases less, and the masts complete 
stood somewhat over 1 00 feet clear. 

228. In staying ships' masts the stays are placed above the 
bolsters in standing and topmasts, and on the shoulder between 
topgallant and royal-masts; collars, clamps, or hoops are not 
used ; the stays are simply put round the masts, the latter 
being protected by the bolsters. It is evident the stays cannot 
tend to twist the mast, as they are free to move on it. Telegraph 
masts should have the stays placed as in ships' masts, on the 
bolsters; but if collars, clamps, or hoops be used, care should be 
taken they connect the stays and mast in such a manner that 
there be no strain on the mast tending to twist it. The stays of 
standing masts may be of oval-linked chain or of wire rope ; the 
stays of running masts should be of wire rope. The lightest 
staying consistent with efficiency should be c^culated for each 
case, due allowance being made for the leverage with which the 
load acts, and for the stays acting at an angle. The maximum 
transvei*se and vertical loads to be borne should be decided upon, 
and the strength of the structure in every part regulated accord- 
ingly. When topgallant-masts are not used, it is evident the 
staying of the topmast may be lighter, as it is not acted upon 
by the load with the same leverage. For example, if a mast to 
stand 100 feet clear to be stayed at 50 feet, is to resist a hori- 
zontal load of 500 lbs. applied at the top, then the load at 50 
feet will be equal to 1000 lbs.; the stays, if placed at 45® with 
the mast, must oiSer a resistance of 3000 lbs; this multiplied by 
4 as factor of safety, is 12,000 lbs., or upwards of 5 tons; oval- 
linked chain y^^" in diameter would be about the strength 
required ; if the stays could be attached higher they might be 
lighter. In the above example the resistance of the earth in 
which the mast is fixed is neglected ; the stays alone are consid- 
ered. If a second set of stays be applied nearer the load, the 
segment between the two sets of stays acts as a beam supported 
at both ends ; in this case, if the upper part of the mast be 
strong enough to carry the load without the assistance of the 
longer stays, the lower stays should be calculated also to carry 
the load without the assistance of the upper ones, but the lower 
set of stays should be strong only in proportion to the topmast. 

229. As the lowering of running masts is an expensive opera- 
tion, not only by reason of the number of men required, but in 
the provision of heavy tackle liable to rapid deterioration, parti- 
cularly when exposed to light and damp, and in the carriage of 
this tackle, masts should not be lowered, but means should be 
provided for readily climbing them. Blocks of wood nailed to the 
mast have been used; but these get loose and become unsafe, while 
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tliL-y injure tlie mast and afforrt no means of holding on by whoa' 
»scenditig. Probably light iron ladders, made of wire or iriza 
rojie, fastened to tbe trestle trees and lianging perpendicularlj 
from them, would best suit tlie purpose ; the ladders sliould M 
fixed at thiiir base, the lowest from the lower mast trestle tree* 
may be fixed in the ground or to a projection fi'oin the mast tot 
the purpose, the upper mast ladders might be fixed ti-om treatld 
trees to trestle trees ; they should allbe steadied by iutermediato 
attachment to the raast. An e!c<iellent mode of climbing a mart 
is to have a block fixed at the top, with a light line reeved 
through it; this line is used to liaul up a thicker line, by vlu<^ 
a man may be hauled up; the ends of the [lerniraneDt liueahoold 
be tied to the mast high al>ovo ground until required. This is 
economical, Rfficieut, and safe. 

230. In putting on caps, trestle treea, and all similar fitting 
to musts, white lead should be freely used iu the Joints to ex- 
clude moisture ; and tow and white lead, soft wooden wedges, at' 
other suitable stufiing, should be nsed in the trestle trees aaf! 
cnps to diminish vibration, ' 

231. The above description of a ship's mast is very general, 
and much is omitted which is proper to ships' masts only ; ships' 
masts are varied according to the necessities of each case, the 
taste of the builder, &c. ; but the description given contains all 
that is essential, and the proportions of the parts arc those which 
experience has shewn to be best in practice. In constructing 
telegrapli masts on the model of slii])a' masts, the gi'eat difler- 
enco between the conditions must be kept in view to ensure 
economy. The ship's mast is stayed and worked in a very con- 
fined area, it is subject to the motion of the ship, it has to carry 
heavy yardx, sails, and miming rigging, and to resist the efiort 
of the sails ; the weight of the yards alone will be seen to be 
very great, when it is considered that the mainmast, described 
example I., p. 147, would cai-ry the following yards : — 





Lenfitb. 


ni?;T.. 


Main-yard, 

Topsail-yai-d, 

Topgailant-jard, . . . 
Royal-yard, 


8C'6' 

50 
39' 8* 


23; 
Ifi 



To these yards must bo added the studding-sail booms, the appli- 
cation of wlilch has the efiect of virtually lengthening the yard 
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from both arms, increasing greatly the weight to be carried; 
the yards, together with the enormous quantity of canvas, rope, 
&c., must bring great strain on the masts and standing-rigging 
when the ship is rocked by the waves. Telegraph masts are 
simply required to carry their own weight and the weight of the 
wires they support, they are stationary ; the stays can have any 
desirable spread, and need not, therefore, be so strong or so 
numerous as the shrouds and stays of a ship's mast ; the telegraph 
mast has to stand at its full height during the roughest weather, 
it should hence be stayed as high up as the position of the wires 
will permit ; but the whole circumstances of each case being con- 
sidered, it will be evident the strains to which a telegraph mast 
is subjected are trifling compared with those to which a ship's 
mast is liable. The telegraph mast should not be subjected to 
transverse strain by fixing the wires to the insulators ; the wires 
should be strained from the ground and not against the top of 
the mast by the use of ratchet-drums or other similar contri- 
vances attached high up the mast, and tall masts should not bo 
used as angle posts. Telegraph masts, however, are more liable 
to deterioration from neglect of surface protection and staying, 
leading to loose fastenings, injury to and surface decay of the 
timber, &c. 

232. Ships' masts are not erected vertical, but are set up to 
rake ; telegraph masts should be erected so that a vertical line 
through the centre of gravity of the combination will pass 
through the centre of the base. 

233. The advantages gained by using the running masts, rather 
than standing masts of increased height, are greater facility in 
erecting and in gaining access to the fittings at the summit by 
lowering the running masts; but it will be evident, on con- 
sideration, that a single standing mast of the requisite height is 
much more economical and efficient Telegraph masts should 
not be lowered, and every care should be taken by efficient 
staying, that the mast is not subjected to transverse strain, and 
acts, as far as possible, as a pillar or strut ; the single standing 
mast would resist the pressure in the direction of its axis, the 
compound mast carries the weight diagonally, and therefore 
at a disadvantage. The standing mast would be lighter than 
the compound mast ; it would be more economical, requiring less 
timber and less labour, while, from the whole being joined more 
nearly into one piece, the vibration is less and the strength 
greater. There does not appear any reason why a wooden mast 
should not be erected in pieces, as is done in the case of structures 
of iron, the joints should, of course, be made, and the fieuBtenings 
fitted in the first instance on the ground, each part should 
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be stayed tia erected, and 'before another portion is hoisteil ; Urffl 
weiglit of the pieces to be hoisted may be considerabl*', the * 
Btrength of the tuckle and temporaiy fittings abunld be pro- 
portioued accordingly ; the maicimum weight to be hoisted would 
Eeldom, in practice, exceed one ton. The masting sheam alruftdy 
alluded to (Paragraph 223) preseut an inatance of a very large 
staudiiig moat—thit mast was 134 feet long, 44 inches in diameter, 
and surmounted by a Hag pole 44 feet long ; it was built iu the 
BQine manner as a ship's main standing maat. In compound masts, 
and exceptionally high built simple masts, the proportion of 
diameter at base to height is preserved ; but it is evident tho 
diameters at base and point of application of the load should not 
be as 3 : 3, as described for simple masts; as a general rule, 
in building a simple mast, the diameter at the lirst Btay-hoop 
should be two-thirds that at the base, the diameter at the second 
stay-hoop two-thirds that at the first, and so on, each segment 
between two contiguous tiers of stays, or between the groand 
and the first hoop, should be proportioned as a simple pole ; 
although, so long as the stays are efficient, the pole is not strained 
aa a cautiltver, the stays miiy become loose or be necidcnt.'illy 
damaged, and this should be provided against when practicable. 

234. The fact that these masts act as both pillars and beams 
must be kept in view in choosing the kind of joint to be used in 
building them. Compound telegraph masts are usually of two 
spars only ; the faults to be pai'ticularly avoided in erecting and 
maintaining these masts appear to be the following : — Use of too 
light a topmast, weak stays not well attached to the mast, and 
placed below instead of above the bolsters, and neglect to stuff 
the holes in the trestle trees and cap to diminish them to fit the 
topmast. The relative merits of iron and wood for the con- 
fitniction of masts is discussed under the heading Iron Mast^ 

Section II. — Earthwork. 

235. In telegraph engineering the necessity for extensive earth- 
work does not occur, but the small works required ought invari- 
ably to be of the best possible quality; hence the necessity for a 
knowledge of the principles on which the durability of such work 
dei)ends, and the test mode of attaining the maximum durability 
in practice. Earthwork is of two kinds, excavation or cutting 
and filling or embankment ; tlic term applies not only to such 
works in earth, commonly so called, but also to embankments made 
of broken stones and excavations in solid rock; in the prosent case, 
nnlesa expressly stated, it is restricted to the &x»t only, excava- 

tions in solid rock being treated se'^a.tiitely. 
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236. The adhesion of earth is destroyed by moisture, exposure 
to the air, and changes of weather; it is not therefore relied on in 
embankments or cuttings, excepting for temporary purposes, as 
in the execution of excavation ; it is due to adhesion that in most 
kinds of earth a freshly cut surface will stand with a vertical face 
for a certain depth below its upper edge ; if it were not for this 
adhesion, holes could not be dug in the usual way with vertical 
sides. The depth to which earth will stand with a vertical fSetce 
depends evidently on the relation between its adhesion and heavi- 
ness ; it is increased by a certain degree of moisture, but diminished 
by excessive wetness. The greatest depth of temporary vertical 
face for several kinds of earth are as follows : — 

Clean dry sand and gravel, . . 

Moist sand and ordinary surface mould, from 3 to 6 feet. 

Clay (ordinary), . . . „ 10 „ 16 „ 

It is evident holes cannot be safely dug in the soils named below 
the depths in the table, unless the sides be supported by timber or 
otherwise, or they be cut obliquely. As deep holes are seldom 
required, it is more economical, as a rule, in telegraph construction 
to adopt the latter expedient rather than the former, the sides of 
deep holes being cut either in steps or obliquely. At some por- 
tion of the circumference of the hole the sides should be cut in 
steps, or if the hole be conical, an inclined plane winding round 
it may be cut for convenience of the men bringing up the earth 
excavated. Cuttings made in the undisturbed soil generally have 
a steeper slope than the sides of embankments made of disturbed 
earth, technically termed made earth; but in such cases grass 
covering or other dressing is relied on to compensate for the loss 
of temporary stability due to adhesion. In telegraph construction 
such steep slopes are frequently inadmissible, the bank standing 
in water. 

237. The stability of friction is alone sufficient to maintain the 
side of an embankment or cutting at a uniform slope, making an 
angle with the horizon equal to the angle of repose ; the soil if 
thrown loosely down, assumes this angle. The slope of earthwork 
is generally described by the ratio of its horizontid breadth to its 
vertical height — i. e., the reciprocal of the tangent of its inclination 
to the horizon. The most frequent slopes of earthwork are those 
termed 1^ to 1, and 2 to 1 ; wet clay and peat are sometimes 
4 to 1, corresponding to an angle of repose of only 14^ while the 
angle of repose of damp clay and gravel may exceed 45^ A great 
excess of water, as already stated, tends to destroy frictional 
stability — e.^., wet sand and mud have no stability of friction^ 
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hence drainago ia often very importunt to the durability of 
embiiiikments. Tlie absorption and retention of water should bit 
prevented as far as possible; shivers of rock, shingle, gtaTel, in:, 
allow wftter to pass through them without retaining safficiflnt to 
prove injuriouH, hut clay and earths oontaining it absorb water 
and form a paste with it 7 Sand and gravel, however, having no 
adhesion, hut depending only on friction for stability, are unsnit' 
able for embankments which have to stand sometimes in water; 
under such ciroum stances clay, and mixed clay and lomn, do not 
lose their adhesion completely, and hence stand where aand or 
gravel wonld eink; but clay and earth containing clay as an 
ingredient, have their Irictional stability and adhesion dixninislied 
by exposure to air aud sun. From tlia above it appears tlmt 
embankments supporting cable sheda on river banks abould not 
be made of sand, they should have a slope of 3 or 4 to 1, ahuuld 
be somewhat larger than actually necessary to fulfil the purposu 
required to allow for cutting away by water, and they sliould be 
peii'idically examined and kept in good repair, to enable them to 
resist, as far as possible, the action of wat«r during flooding of the 
surrounding ground. Embaukmenta to be kept dry are pre- 
ferably made slightly steeper tlian the angle of re]>ose would 
indicate, adhesion being depended on to impart the required 
extra stability. The object of this is to espose as little surface 
as possible to the atmosphere ; but such stj>ep slopes should be 
avoided wliere the bank may have to stand in still water, and 
cannot bo protected by dry stone, or other similar means. 

238. The tools used in earthwork are divided into four classes 
—viz., 1. Those for loosening and detaching the soil from its 
natural position; 2. those for handling the detached soil — i.e., 
lifting, spreading it, &c.; 3. a vehicle for conveying the earth; 
and 4. a tool for ramming and so consolidating it in it.<4 new 
po.sition. Soft soil may be detached by the same tool as is 
used to handle it, but in liard ground these operations require 
different tools. The most useful instrument for loosening soil 
in digging holes for telegraph posts is a single-bladed pickaxe, 
the second blade being dispensed with to reduce the size of the 
instrument, and thus admit of its use in a more confined space. 
The length of blade should be about 1 foot, and it should not 
exceed 10 lbs. in weight; the i>oint sliould be chisel-shaped, 
about an inch wide, and of steel. A crowbar used as a jumper 
{described below), and {in India) a khuntie, a kind of jumper 
used for earth, are used in loosening hard soils in digging holes; 
the crowbar should be steeled at the end, it is seldom applicable 
economically, being used then for very hard soil. The khuntie 
is & broad-b\aded jumper, wi\.\L a. 'wooden handle about 5 fest 
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long, differing in pattern slightly in different parts of the 
country; the blade varies in width from 2 to 4 or 5 inches, 
its depth is about 6 inches; this instrument is a very economical 
one in the hands of those natives generally using it, for digging 
small holes 6 to 12 inches in diameter in ordinary ground; but 
tlie pick is more economical where applicable — viz., for holes of 
cross sectional area sufficiently large for a man to work in. The 
heaii^shaped spade shovel is the most useful instrument when 
the earth is loosened with the shovel, when it has merely to be 
lifted the straight-edged shovel is more economical. Shovels are 
used in many parts of India, but the commonest tool for digging 
is the phaorOy a large bladed hoe. The phaora differs in shape 
and size in difierent parts of the country^ and when of suitable 
shai)e and size it is more economical in the hands of natives for 
digging holes and general purposes of telegraph work than the 
shovel and pickaxe. The phaora blade for ordinary purposes 
should be about 6 inches wide, and the same shape as the blade 
of a straight-edged shovel ; for hard ground a few of the narrow 
«hape, about 3 inches wide, resembling an adze, are very useful. 
The handle sockets of picks and phaoras are frequently made too 
shallow and thin — thus the handles break and get loose frequently 
in use, and the tool often fails at the eye; the sockets for the 
handles should be at least 3^ to 4 inches deep, and the iron 
surrounding the eye should be thick and sound. Phaoras are 
sometimes made with a neck of iron between the eye and the 
blade; such tools break at the neck, and should be avoided; the 
blade of a phaora should spring directly from the socket, and 
should be thickened towards the eye. Care should be taken 
that the handle be not too long, or the workman may cut his 
foot, and a long handled phaora cannot be used in a hole; the 
point where the handle is held should be the centre of the circle 
desciibed by the blade, a phaora blade being inclined to its 
handle at a more acute angle than that between the blade and 
handle in an adze, the former tool requires a shorter handle than 
the latter. The phaora appears better adapted to use in a hole 
than the spade. In Europe, earth is usually conveyed in small 
quantities in wheelbarrows constructed especially for this pur- 
pose; in India baskets are employed; in telegraph construction, 
as a rule, stout baskets should be used, they are more generally 
useful and more portable than barrows; the latter can seldom be 
used in telegraph construction. Hammers are made of cast iron 
with wooden handles, or entirely of wood hooped with iron, to 
prevent splitting; the best kind of rammer is a wooden one with 
the handle and head cut from one piece of wood. Rammers are 
of different weights — 15 lbs. is a common weight in Iadi&. ^^ 
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these toula are heav^ it is l>etter to make them, when wood cao 
be got, wlien uud where required, than to cany them long 
distances; excelk'ut rummers are made from pieces of branchea 
of trees cut nt one ead to form the handle^ these are tuadf 
required in a few minutes, and can be burnt vheu split or 
longer i-equired. 

239. The positions of post holes are uflually marked hy stout 
jiega driven in the ground in the alignment decided on ; the holeA 
for the poBta ahoiild be dug on one side of the peg, that the i>eg 
be not removed until the post is planted ; holes for angle post* 
ure necessarily dug round a central peg; in tliiii cuae additionsp 
pegs may be placed, indicating the place of the peg removed. I» ' 
oil cases, before commencing the hole, a boundary line should' 
bo cut with the spade or phaora marking the extent of ths 
intended excavation. If the hole do not exceed 4 to 5 feet itf, 
depth, the earth can be lifted with the spade or phaora by tJwr 
digger, but for deeper holes, the basket and n second man an- 
necessary. In digging holes in wbioli the deptli exceeds that tit 
which the soil will stand with a vertical iace, it is necessary U> 
Ciit the hole with sloping sides, to cut th(; sides in steps, or ti» 
support the surrounding earth by planks placed against the sides, 
and kept there by struts plaeed across the hole ; the first method 
is the most economical when such deep holes are seldom required, 
but for a lai^e number of holes, probably the timber support is 
cheai>er, but it requires more skill to apply. The best method 
in any particular case must depend on local circumstances ; in 
India it will generally be found that planking is difficult to pro- 
cure, expensive to carry, and the labour is too unskilled to use it 
without very strict supervision, bence it should be dispensed with 
as far as possible. The liability to slip may be reduced" by de- 
positing the earth excavated a few feet distant from the edge of 
the hole. When excavating on the bank of a river, operations 
may frequently be facilitated by i-egulating work on the deeper 
part by the state of the tide ; neglect in this respect may render 
pumping necessary at great additional expense. As some kinds 
of earth rapidly lose theii- adhesion when exposed to the weather, 
deep holes should not be dug until actually required. In bad 
soil it sometimes happens, if the work of excavating be carried on 
continuously by relays of men, and the hole be used immediately 
it is ready, expensive measures of precaution may be dispensed 
with, and an operation otherwise very difficult and tedious mity 
be performed with comparative ease and expedition. The earth 
is raised from deep holes — 1. By means of baskets hauled or 
handed up; 2. by platforms erected at every 6 feet of the depth — 
the earth is handed up by men stationed on these platforms with 
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spades ; or^ 3. the men at the bottom of the hole fill baskets, 
-which are carried up as filled by other men; in this case the sides 
of the hole have to be cut to admit of the men walking up and 
down, or ladders have to be used. The first and third modes are 
more generally applicable in India, and inclined planes of natural 
earth, running round the circumference of a conical hole, are 
the cheapest and most convenient means of ascent and descent. 
Earth may be thrown with the spade 4 to 5 feet vertically u\y- 
wards, or 6 to 10 feet horizontally. Earth having a vertical face 
may be loosened by cutting away the earth underneath and at 
the sides, and if the earth does not crack, driving in wooden 
wedges above until a quantity is broken off and falls; holes may 
be increased in width in this manner with much less labour 
than would be required to widen them by digging from the top 
downwards; soil for an embankment may be loosened in this 
manner if a steep slope of earth be at hand. For ordinary poles 
the holes are often dug long and narrow, sometimes with the 
greatest diameter across the alignment ; in India they are cora- 
monly dug oval in plan ; in France they are dug rather more than 
a yard long, and rather wider than actually necessary to insert 
the post : the object of greater length in one direction is to enable 
the workman to use his tools with the least excess of excavation 
beyond that actually required to insert the post. If the post to 
be inserted be unprovided with cross feet, buckled plate, or 
other fittings rendering a large hole necessary, the hole may be 
cut with a khuntie or other form of jumper; in France the 
holes are completed in depth in this manner; in America, holes 
15 inches in diameter, are dug 8 feet with the shovel, and then 
2 feet with an auger. 

240. Holes for telegraph poles are sometimes bored, a practice 
lately adopted in England ; the instruments used consist of the 
jumper for hard soils and stones, and a kind of worm for ordinary 
soil. The jumper is a bar of wrought iron, about 4 feet long, 
steeled at the cutting end, where it may be terminated by a 
chisel edge or a point. It is used by being raised and let fall 
on the rock to be cut, being turned slightly round between each 
blow ; lengthening rods or a rope are applied to lengthen the tool 
as the hole is deepened ; this is the most efficient mode of using 
the jumper, and is termed churning, the jumper so used being 
termed the chum jumper. Sometimes the tool is hammered 
instead of being raised and let fiill, but this is less efficient, 
although less destructive to the tool than chum jumping. The 
worm is generally employed for soft rock, but in a modified form 
this tool is very economical for general use for boring holes for 
telegraph poles ; thia form oonsistB of a hollow rod tenninated 
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by a smnll boring acrow, atiove tUs screw ia & helical fl&Qffe, the 
size of blitt hole to be bored ; this flftn^ is not trulj* helitw, how- 
ever, tlnia it breaks the soil aa it is screwed in. The tool is 
turned by two meu by means of a. cross bar of wood, and being 
dmwn up at intervals, it brings with it the earth loosened; 
1}elo\v the flange La a valve opwning into the hollow Htem of 
the tool for admitting the air into the bottom of the hole, 
tliua counterbnlnncing the pressure of the attnoaphere luid 
allowing the enrth and tool to be withdrawn with greater 
ease. This tool doea not work well in loose soil, as sand, 
but in ordinary firm soil two men can boi-e with it a hole 
10 inches in diameter and 4j feet deep in twenty minutes. 
For very soft loose soils a tool termed an anger is the moat 
economical; this is aimply a hollow cyUnder with a slit up one 
side and an oblique cutting edge at the bottom, it is turned 
round by two meu as the worm. The worm and anger lift the 
soil, but the jumper does not, and a peculiar kind of scoop called 
a Spanish spoon, or earth ladles, are used to raise tiie broken 
soil. The worm described above has been patented in Boglnad. 
The use of boring tools for plantintr pust!" is chi^aper th;in spadi' 
digging, while the bored hole has the following advantages; — 
First, It is more accurately placed, for being very little larger in 
diameter than the jioat, the alignment pegged out cannot be 
unintontionally departed from; second, the soil not being dis- 
turbed close to the post, the post is much firmer immediately on 
erection; third, a greater piirt of the labour of ramming and con- 
solidating the earth necessary when a large hole is dug is saved. 
In Bengal a, native using a khuntie can jump a hole 3 feet deep 
and 8 inches square, in ordinary soil, in twenty minutes, using 
his hands to raise most of the soil. A Hamilton's 16-feet pole 
may be broken transversely, if placed in a bored hole in ordinarily 
firm soil, by a horizontal force applied at the summit, without 
disturbing the surrounding earth; tlie same pole with cross feet 
placed in a hole 3 fi'et square may be pulled over immediately 
after erection, the hold on the ground being much less than in the 
former case, and less than the ultimate load of the post (5 cwt. at 
16 feet from ground line). Most of the wooden poles erected in 
India were placed iu small holes jumped with the khuntie, and 
the posts stood satisfactorily; the British Oovemment Postal 
Telegraph Department use boring tools for ]>lanting poles, with 
satisfactory results as regards both efficiency and economy. 
For boring holes in rock the jurojier is the tool generally 
employed; rock when very hard is split by steel wedges driv«» 
iato holes cat with the chisel, 
242. In filling in e, large to\e io\vn.4 a. yiVa the earth shonid 
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be carefully rammed; this may be done by filling the earth in 
layers, each about 9 inches deep, and then ramming over the 
whole surface, or a man may walk round the hole ramming, 
while another supplies the earth gradually; the addition of 
stones, or a little water, assists the process of consolidation. 
The earth should be heaped round the pole, as it will sink when 
soaked by rain, and if not heaped up a hollow will be left. The 
surface mould and grass, if any, should be reserved when com- 
mencing to dig, for replacing on the top after filling in, as it may 
prevent the heap round the pole being washed away instead of 
sinking. Poles planted on an incline, as the side of a hill or 
embankment of a road, have a tendency to deviate from the 
vertical line in the direction of the normal to the surface of the 
ground ; this is very difficult to prevent, and should be guarded 
against in filling the hole — the earth should be more carefully 
consolidated on the lowest side, and a small portion only of the 
surplus earth should be thrown on the slope above the post In 
making an embankment the first process is removal of the sur- 
face mould and grass, if any, reserving this for dressing the 
slopes. For the body of the embankment the earth should be 
thrown down in horizontal, or preferably slightly concave, 
layers, about 9 inches thick, each layer carefully rammed sepa- 
rately. Water may be sprinkled over each layer if the earth be 
dry, to assist the process, and care should be taken that the bank 
bo built up entirely of horizontal or concave layers, as earth 
thrown on the sides is more likely to slip than when spread 
horizontally. After the required height has been attained, 
the slopes and top should be trimmed to smooth and regular 
surfaces, dressed with 6 inches or more of surface soil or clay, 
and covered with sods or sown with grass seed. When the 
ground on which an embankment has to be made is inclined, its 
surface should be cut into steps, as shewn in fig. 58, AQ, to 
prevent the earth of the 
embankment from slipping 
down. If the embankment 
be exposed to still water, its J2. 

sides maybe roughly pitched 
with dry stone, about a foot 
thick ; but the pitching with 
stone is not generally neces- Fig. 58. 

sary, and would, in most 

cases, be too expensiva Stiff clay or river silt may be need, and 
the slope should be 3 or 4 to 1. An ordinary embankment of 
earth, covered with grass, is foimd to resist the action of water 
sufficiently well to serve for supporting cable sheds on. ti\A Vwr 
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banks of rivers ; if repaired regularly, such embankmente stand 
woll during the rainy season in India, often standing in several 
feet of water for long periods; but after each rainy season they 
should be thoroughly repaired, and rat holes and other openiogi 
closed. The ground imniediatelj surrounding nn embankment 
should be drained, so that water may run off as quickly as 

242. An embs-ukment will sink after formation one-twelfth to 

one-fifth of its height, according to i(a dimensions, nature of the 
noil, and the mode of formation ; the two latter conditions being 
the same, the sinking has been found to vary nearly as the cube of 
the height. Earth formed into an embankment, if well rammed, 
occupies less space than before excavated by about one-tenth of 
the earth excavated; gravelly earth was found to be compressed 
about one-twelfth. The size of the heap of eaith round a newly 
erected telegraph pole may thun furnish an indication of the care 
taken to ram the earth. 

243. When an embankment ia required to be watertight, it 
may tie nmde so by means of clay puddle, made of olny contain- 
ing a little sand freed from Inrge stones, roots, ic, worked iota 
a paste with water, the puddle may be covered over the bank for 
a depth of 6 inches to 1 foot; but as it is liable to crack when 
exposed to the sun, the beat mode of applying it is by filling 
with soft puddle a trench cut in the bank. The puddle b then 
protected from the action of the air and sun ; such a trench is 
termed a puddle gutter. The silt of tidal rivers may be used as 
puddle. 

244. The earthwork in telegraph construction is very simple in 
form; the cubic contents may be obtained nearly enough to the 
truth hy the application of elementary formulie, which it ia not 
considered necessary to reproduce. 

245. The quantity of work which can be done by one man 
varies with the nature of the soil to be excavated : in loose sand 
or mould not requiring the pickaxe, one man in England will 
excavate 20 cubic yards per day; in compact earth or clay, the 
pickaxe being used, 8 to 10 cubic yards — the earth being loaded 
into barrows, wheeled by wheelers. In India it is said to be 
difficult in some districts to get a coolie to dig more than BO 
cubic feet per day with European supervision, native contr&cton 
getting more work out of the men. In digging holes for poles 
3 feet square and 3 feet deep, in ordinary soil, three holes or 3 
cubic yards is the lowest task which should he considered a day's 
work — 4 cubic yards may frequently be obtained. There being 

a difScaily in getting 3 yards done per man, the men pleading 
inability to do more, & tmat^oc^V^ Toan. was told by the author 
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to dig as many such holes as he could during the day, as an 
experiment. This man, although a small, thin man, dug 8 cubic 
yards, and said he could have done 10, but was afraid of the 
other coolies. Four or 5 cubic yards cannot be considered an 
excessive requirement. Digging in small holes is more laborious 
than in more extensive excavations affording plenty of room to 
use the tools; the additional labour of raising the soil from the 
hole is generally considerable. In the above estimate of work 
done by Englishmen the earth is assumed to be merely placed in 
barrows, and not raised as in digging a small hole. In man- 
aging a gang of coolies digging ordinary pole holes the most 
economical mode is to allow no more than one man at each hole, 
unless absolutely necessary, an exceptional case; to allow only 
the phaora unless the khuntie or pickaxe be absolutely necessary, 
and to state the amount of work considered a day's task, on com- 
pletion of which, however early, the man should be allowed to 
leave work for the day. By these means waste of time is pre- 
vented, and work may be obtained with less supervision. Upon 
one occasion, when great difficulty was experienced in getting a 
fair day's work done, by allowing the men to leave work on com- 
pleting a task the difficulty was removed, and the task found 
impossible before was completed by mid-day. During unhealthy 
seasons, and when work is carried on in hot weather, the task 
should be reduced, particularly if sickness appears amongst the 
men. The labour of spreading earth in layers and ramming it is 
from one and a sixth to one and a third that of shovelling the 
same quantity of earth into a barrow. 

246. The following are given, on the authority of Kankine, as 
examples of the day*s work per man performed in jumping 
holes: — 

Oyliodrical inches of hole. 

In granite by hammering, .... 100 to 150 

In granite by churning, 200 nearly 

In limestone, 500 to 700 

In granite jumpers require to be sharpened about once for each 
foot bored, and steeled once for every 16 or 20 feet; the length 
of iron wasted in using them is about one-tenth of the depth 
bored. 

247. The principal laws of the stability of loose e^rth are 
stated in Part I., chapter iii., sections 2 and 3. The adhesion of 
earth is not usually considered, but when undisturbed this 
adhesion is an important element in holding poles fixed in the 
ground, as will be evident on consideration of the resistance 
offered by the ground to the movement of a pole whick hft& 

u 
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mlber Blood long enough for the disturbed eartU to become con- 
Holidiited, or has been placed iu a. sntaJ] bole. Lateml su[ipart is 
no doubt an iicportant element, increasing tlie rasiatanoe of 
earth ; but the importance of adhesion tn holding pole£ firmly is 
proved by the fnct, that an ordmary pule placed in looee aarth 
niny be readily draped over by a transverBB load, whereas the 
same pole inserted to the same depth in the same kind of soil 
wndishtrbtd, may be tvoken by & transverse load, williuut crack- 
inj; the surrounding ground. Hence the importance of disturbiag 
the surroundiu;; ground over as small an area as pnictiisible ffhflC 
digging pole holes, foundation pita, iic. ~ 



SscnOK III. — Foundaiivnv. 



1 



216. A fbundtition is defined (Paragraph 14G) as that portion 
of the earth on which a structure immediately rests ; in its 
exUaided signiiication it includes any works executed to prepare 
the ground for bearing safely the structum to bo placed upun It, 
us when planking is placed avst soft gromid to distribate the 
load. The preaauri! of a, structure on the earth is ri'sisted by 
the friction and adhesion of the earth, but in general the friclioD 
alone ia relied on in eurth commonly so called. A foundation, on 
land consists usually of an excavation or foundation pit, and 
where necessary, of a structure at the bottom of the pit to form 
a secure base for the principal structure to he erected ; in some 
cases the natural sui-t'ace of the ground forms the foundation, 
requiring no jirejia ration, as in forming an embankment on firm 
level ground. When the earth has sufficient stability to support 
a projected structure without an artificial base, the fonndation is 
termed tiatural; when the earth has not sufficient firmness, an 
artificial base is necessary to enable the earth to support the 
weight, and the foundation is termed artificial. 

249. Most earth is more or less compressed by the weight of a 
structure ; the object of preparing a foundation is to restrict their 
sinking within tiio narrowest limits, and to ensure that such 
slight sinking as is unavoidable shall take place equally over the 
whole area of the foundation. Most telegraph structures are 
composed of parts so connected that unequal sinking has not to 
be feared ; but in structures built in courses aa brickwork and 
masonry, of considerable weight and extent, but unsuited to 
resist tension, unequal sinking, even when slight, ia exceedingly 
desti-uctive, [■ending the Btructure through the whole extent ot 
its vertical height. The small area covered by the base of even 
the largest masts does not exceed 16 square feet, and ia often 
Btacb less, henco there is no ^^cuUy in selecting so smkll 
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a site composed of the same kind of earth ; but in forming an 
embankment or building a wall, care must be taken to prevent 
unequal sinking of the foundation. 

250. The conditions of stability of the joint between a struc- 
ture and the surface of its foundation are the same as those of 
any other plane joint ; the surfisice of the foundation should be as 
nearly as possible perpendicular to the pressure of the intended 
structure, and the centre of pressure should not deviate from 
the centre of gravity of the base of the structure beyond a cer- 
tain fraction of the diameter of that base, measured in the 
direction of the deviation (Paragraph 163). It is evidently 
necessary that the earth immediately beneath a structure be not 
disturbed by the action of water, by the alternate contraction 
and expansion and disintegration consequent on exposure to the 
changes of weather ; hence, even when the earth is firm enough 
to bear a structure on its surface, excepting in the cases of 
embankments and foundations on rock, structures have their 
bases below the nattiral surface of the ground. In Britain the 
depth should be at least 3 feet for sand and 4 for clay; in 
most parts of India frosts do not occur, and the changes of 
temperature being less extreme, the depth at which foundations 
should be placed to ensure protection from atmospheric changes 
is not usually so great; but in some soils the alternations of 
great heat and excessive dryness with the heavy rains of the 
wet seasons, may more than counterbalance the advantage of 
more uniform temperature. 

25L Foundations on rock merely require that the rock be 
reduced to a level surface, or a series of steps perpendicular to 
the direction of the pressure of the intended structure ; soft and 
loose pieces of rock should be cut away, and the hollows filled 
with bdton or concrete or rubble masonry ; for a mast it is 
merely necessary to jump or cut a hole for the foot of the mast 
to prevent lateral motion. The extreme intensity of pressure 
admissible on a rock foundation is one -eighth of that which 
would crush the rock. Professor Kankine states the ordinary 
average pressure of foundations on rock at least as strong as the 
strongest red brick, to be about 9 tons per square foot ; while 
on sandstone so soft that it crumbles in the hand, If ton is 
borne with safety. 

252. Foundations in earth depending for its stability on fric- 
tion alone, depend for their security upon the fulfilmiwit of the 
condition that the weight of earth displaced by the foundation 
shall not bear less than a certain ratio to the weight of the 
structure to be supported ; this ratio depends on the angle of 
repose of tiie earth, and the mass displaced i& as the i^vad»s^^ 
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tlie depth Rnd an>a of the foundation pit ; in other words, ibo' 
the frictionnl etabilit3r of the earth the greater must be the cuIhc 
capacity of the fotindation pit. In firm earth titc greatest pm* 
Bure per Bquaro foot varies from one to upwards of one nnil « 
half ton, and within these limits it is not ucicessary to dig tfac 
foundation pit below the distance Doceasarj- to render Uie 
founilation secure against the injurious eifecta of chaiig^ca of 
weather. In soft earth, which will not, unless certain pr*. 
cautions be taken, support the structure with safety, it woulJ br 
too costly to excavate very deeply in order that the weight of 
eurth displaced by the foundation should bear the nec^stiary 
ratio to the weight of the structure to be supported ; in this csm 
the pressure is distributed over an inoreascd area by an artilicisl 
foundation. Let x represent the depth of the foandation, to the 
weight of B. cubic foot of the earth, nnd ^ its angle of repose; 
if the pressure of the structure be uniformly distributed o 
its foundation and the intensity of the pressure be p, tlie wai, 
of earth displaced by the foundation should not bear a less « 
to the weight of the structure than that given below— 

— should not be less than I 



weighty 
ismtiad 



If the pressure be not uniform, but uniformly varying, then 
the quantity p in the above formula should be replaced by the 
greatest intensity of jircssure, and in addition the least intensity 
must not be less than wx. Some examples of the value of the 
function of the angle of repose are as follows : — 

/1-Rin*\' IS" j so* I M* I 30° I te" ] «(• I «• 

(r V sin ) " '*'^**' ' ^'^^^ ' *^'^^^ ' °'^^^ i ^'^''^ I ^^^"^ ' ^'^^^^ 

In api»lying the above formula the quantities p and v> are 
£xed, and a has to be adjusted; but if x be large, it becomes 
necessary eitlier to dig deeply and fill the hole to a certain 
height with some stable material on which to erect the required 
stmctnre, or the foundation pit may be made much wider than 
actually required, and Ailed with stable material to reduce the 
intensity of pressure (p) by spreading the load over greater 
surfiice of foundation. 

253. Whore the ground is soft, hut not so soft as to be semi' 
fluid, as mud, silt, or peat, it may be treated in one of two ways: 
—First, The gi'ound may be consolidated by driving piles nntil 
it is so compressed that the piles are prevented from ainVin g by 
friction. The piles may be of wood, iron screw piles, or of aand; 
the last are made by \>OTUig W\«a \d. th« ground with a large 
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auger and filling them with sharp sand. Files must be used 
with great caution, as they break up the ground ; piles and the 
pile-driving machine are usually excluded on account of expense. 
When piles are thus used to consolidate the earth, it may be 
considered in applying the formula given, that a trench has been 
dug to the depth the piles are driven, and fdled with stable 
material. Second, the intensity of the pressure may be reduced 
by distributing the weight of the structure over an area increased 
by artificial foundation: in this case the trench may be filled 
with sand, gravel, broken stone, b^ton, or concrete; if a solid 
mass be used, as concrete, the pressure may be considered as 
distributed over the whole surface of the layer, provided this 
layer do not extend beyond the base of the superposed structure 
by a distance greater than its thickness; if loose materials be 
used the intensity of pressure should be calculated on the area 

(1 "- yin ^ \^ 
.j -. — —) be represented 

by kf and w^ be the weight in lbs. of a cubic foot of the material 
with which the trench is to be filled, being about 90 lbs. for 
sand, then the required depth x of the foundation pit is given by 
applying formula (1)— 

*=^' w 

If the structure to be erected on the artificial foundation be an 
embankment, then the sides of the foundation pit should be 
inclined at the angle of repose of the soft material of the ground, 
and only the slopes of the embankment should be placed verti- 
cally above the slopes of the foundation, the upper edge of the 
embankment slope being vertically above the lower edge of the 
slope of the excavation. In applying sand or gravel, it should 
be well rammed in layers of not more than 1 foot thick; if con- 
crete be used it should be also well rammed and allowed to set 
before being loaded. If the pit be near a river so that the 
foundation is for a long period below water, common concrete is 
wasteful, as the lime is soon removed and the mass is reduced to . 
the condition of gravel — it is obvious gravel is equally useful and 
cheaper; in such cases gravel should be employed, or if concrete 
be used it should be hydraulic — ue., b^ton. It will frequently 
be found cheaper to apply one of the expedients described below 
rather than concrete or b^ton. 

254. When the earth is very soft, almost semi-fluid, as mud, 
silt, peat, &0., the best kind of artificial foundation is a platform 
of planks, formed either of a grating of timber planked over, or 
of planks in two layem, those in one layer being at right angles 
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to those in the other ; or ft platfomi of &sciiioa or fiigota placed Mf 
Iftyers, tliose ia each layer being placecl at right »iigle» to tltawV 
in the layers inuneciintelj R.bove and below; theae are slaked and 
lashed together to form a kind of platform, a layer of sand, 
grfivct, or other stable material is spread over tbe platform ta 
distribute the pre^Hure, and on this the principal atmctnre ia 
commenced. Tlmao fonndations may be cixpcK^ted to sink a 
little, and the load should be distributed over them aa oquallf 
as possible. Timber under wet earth is very durable, and may 
be 8itf<^lj used; but nesr the surface and in dry earth it decaj^ 
uad in itttacked by insects. ■ 

255. When a Brm stntum underlleH a very soft one, pilovl 
or other supports may be put down to rest on tb« tirgj 
Rtmtnm and form a. foundation; but this vork ia very expeii<fl 
nive, and the expedients already given will generally be foondS 
sufficient. Sand and gravel are excellent for fonndatioDl,^ 
so long OS they are not exposed to the aetnon of wftter, an^^ 
tire not allowed to 60(94)6,' hut if they be exposed to the action 
of water and be not oon&oed, they lose their frictional stability 
and ooBe away fropi under the stnicture; hence, in placing a 

foundations, this property must bo considered. An excavation 
near a structure on a foundation of wet sand may cause sinking, 
in consequence of the oozing out of the sand; it is usual when 
such is to be feared, to surround the foundation with sheet piling, 
to sink iron cylinders, to use caissons, ice. If a stratum of firm 
ground have beneath it a soft soil, formulie 1 and 2 should be 
applied to find if the thickness of hmi soil is sufficient to bear 
the weight of the structure. 

256. In making a foundation under water the methods em- 
ployed have the same end in view, and are in principle the same 
OS in land works; tbe mode of execution is necessarily modified 
by the altered circumstances of the case. If the water be run- 
ning and the ground likely to scour, the work ia most difficult 
and necessarily expensive; probably screw piles are best ad^ted 
to the cases likely to arise in practice, a. number of pilea being 
screwed into the ground to the firm stratum, or beycmd the 
possibility of being loosened by scour, a platform is erected over 
their heads. The platform may be of timber or of iron bolted 
to the pile heads. The piles when they stand much above 
ground, should bo braced together by means of orosa and dic^onal 
irons fastened with bolts, the whole forming a firm foundation 
on which to erect the required structure. The great adyaattws 
of screw piles over timber, in the case supposed above, is the 

oage with wbich they m&y \» ilracu, requiring no pil^driving 
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machine ; they should be of small diameter in the rod, and driyen 
by means of strong iron levers gripping the pile on the principle 
of the gas tongs. It is very seldom necessary to erect a mast or 
pillar in running water as supposed above, but it commonly 
occurs that masts have to be erected in places which for long 
periods are under water; the work can generally be carried on 
when the water is either very low or entirely absent. In mak- 
ing a foundation in still water on soft soil not likely to scour, 
if the water periodically subsides the foundation may be the 
same as for the similar case on land; if the water cannot be 
excluded, and it becomes necessary to construct a foundation on 
the sofb bottom, a platform of &scines or timber may be loaded 
with stones or other suitable material sunk on the spot, and an 
embankment of stones or other available material formed on 
this platform to receive the superstructure. In telegraph struc- 
tures the commonest case occurring in practice is that of a high 
mast to be erected on a river bank; the soil is frequently bad ; 
often to reduce the span the masts are erected on ground liable 
to inundation, and the foundations are generally necessarily 
carried below the firm surface soil, in order to get a firm hold on 
the ground ; but unequal sinking has not to be feared, and the 
pressure may easily be distributed by any of the modes described, 
generally at very small additional expense. Considerable sinking 
of a mast on the rising of the adjacent river, by loosening the 
stays may endanger the structure. Some rivers have to be 
crossed by masts placed in the stream, stays are then inadmis- 
sible, as they catch driftwood and may cause the mast to be 
carried away; it is essential in this case that the mast be firmly 
fixed, as additional stiffness should be gained by fixing the end, 
and consequently the foundation be constructed with great care, 
to avoid unnecessary expense. River cable huts have often to 
be erected on ground liable to be rendered unsafe by inundation; 
by the means indicated such ground may be made to bear the 
embankment safely, and an embankment may with due pre- 
caution be formed in a situation where at first sight it might 
appear impossible for it to last. By the use of fascines and stable 
material a path may be made through the mud of a river bank 
to a cable house which at low water could only be approached 
with great difficulty by wading through the mud. Foiindations 
are greatly improved by being drained, but this resource is 
seldom at command. The use of the excellent appliances com- 
monly employed in great engineering works is excluded by reason 
of the smallness of the individual works, the infrequence of the occup- 
rence of the difficulties, and the disproportionate cost of the appli- 
ances and their carriage to the cost of the work to be construoted^ 
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Sectios IV. — Cementing Materialt. 

257. Calcareous cements, as thoir name implies, Iiave for t 
essential ingredient lime. Gypsum, or pl&ster of Paris, is 
Biilphiite of lime ; the other calcareous cements nre composed O 
hjdrnte of lime combined mechamctillv with certain mutters to 
increase the bulk, with a view to economy and diminutian of the 
variation of bulk which takes place when the cement hatxiens or 
Beta, and fretjuently combined also with matters wliich by their 
chemical properties modify materially the properties of the moss. 
The hai-deningof gypsum is due to the combination of the sulpbat« 
of lime with water; other calcareous cements solidify by renson of 
the lime com biningwith carbonic acid loform the carbonate of lime, 
by combination of the lime with silica, and again into compound 
silicates with other bases, principally alumina, or these two causes 
may operate together to produce the effect 

356. Pure, rich, or fat lime is obtained by calcining, at n bright 
red or higher heat, limestones consieting of almost pure cnrbonftte 
of lime, as chalk or marble ; the process takes thirty to fifty hours, 
at the end of which time the carbonic aeid aTid water if any, in 
combination with the lime have been driven off, and pure quick- 
lime or caustic lime remains. The chemical equivalents, of lime 
being 57 and of carbonic acid 44, pure carbonate yields about 
56 per cent, of lime. The stones are burnt either in permanent 
or temporary kilns, varying greatly in shape and size, seldom 
exceeding 13 feet in height; the fuel employed in England is 
usually coal, the quantity used being about one-fifth to one-sixth 
of the lime produced. In India the fuel most economically 
obtained on the spot is employed — wood, charcoal, or dried cow- 
dung being used, according to circumstances ; the latter, how- 
ever, is least suitable to the purpose ; fuel being easier transported 
than stones, it is usual to burn the stones near to where found, 
and in temporary kilns. Whatever the original colour of the 
stones, the lime is quite white or light brown in colour; it has no 
tendency to recombine with carbonic acid so long as it is kept dry. 
When mixed with water rich lime swells to from two and a half 
to three and a half times its original bulk, becomes very hot, and 
falls to a fine powder ; this powder is the hydrate of lime, being a 
combination of lime with oneequivalent of water; the composition 
of the hydrate ia therefore 76 per cent lime and 24 per cent. 
water. The hydrate is sparingly soluble in water, therefore by 
the application of abundance of water the lime may be completely 
dissolved. In the state of hydrate the lime has a great affinity 
J^r tnrbonic acid; slow combiiutvQn.'wit.hthe carbonic add present 
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in the atmosphere and crystallisation of the resultant carbonate 
of lime produce after the lapse of years a very hard materiaL 
The absorption of carbonic acid is most energetic at first, and 
progresses slower in each successive interval of time ; thus the 
lime does not appear to ever recover the full equivalent of the 
gas it was combined with when a component of the natural lime- 
stone. One year after mixture lime acquires a tenacity of 40 lbs. per 
square inch (Vicat). It is essential to the hardening of rich lime — 
1. that the water combined with it mechanically and chemically 
should be allowed to escape, and, 2. that carbonic acid be present; 
if, therefore, a paste be made with rich lime this paste will not 
harden under water. If, however, the water mixed with the lime 
be rapidly evaporated or otherwise removed, the carbonate of lime 
as formed will not be in a solid mass, but will fall to powder. 
Slow evaporation of the water is favourable to the ultimate hard- 
ness of the carbonate. 

259. A mixture of slaked lime and sand made into a paste with 
water is termed mortar; the consolidation of the mixture depends 
entirely on the properties in this respect of the lime as described 
above, the sand forming with the hydrate and ultimately with 
the carbonate a mechanical mixture only. The sand is used to 
increase the bulk of the mortar, and thus economise lime; to 
increase the resistance of the mortar to crashing — ^it diminishes, 
however, the tensile strength, and if too much be added the mortar 
will fall to powder as it sets; and to diminish the amount of 
shrinking as the mortar solidifies. The quantity of sand may 
be as much as three times that of the lime, but above two and a 
half times there is a decided deterioration in strength; 2 '4 parts 
of sand to one of pure slaked lime in paste is, according to Vicat, 
the best proportion. The sand should be very clean, being washed 
if necessary to remove loam or clay ; it should not bo very fine nor 
exceedingly coarse, and rough angular grained sand is better than 
smooth ; pit sand is preferable to river sand ; sea sand should be 
washed to remove salt before being used. The lime should be 
slaked twelve to twenty-four hours before being made into mortar, 
and covered up till wanted ; care should be taken not to add too 
much water, as the process is thereby hindered, and the lime is 
said to be drowned. Care should be taken that the process of 
slaking has taken place throughout the whole mass, as if unslaked 
lime exist in mortar the expansion consequent on its slaking in 
the joints of a building may rend the work. The quantity of 
water necessary will in general be between one-third and one- 
half the bulk of the lime. The tenacity of common mortar varies 
between 21 lbs. per square inch for bad, and 51 lbs. for good 
quality, one year after mixture (Yicat). Its resistance to crash- 
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JDg IS months after mixture ratiFs between 440 Iba. luid 800 lb*. 
per square incli, acaonUng to the quaUtjr of BUid uaed, uui 
whether it be baiten or not— the proportionate incrcaae of strength 
16 years after mixture ia one-eiglilh (Roodelet). The kbon 
figures are adopted by Eankine, awi are ooniinDnd by <Aka 
obaervers ; thus, Colonel TrotWn fonnd the tenacity of fot limr 
mortar sin months old to varv botwf-en 23'1 Ihs. per nqusre indi 
with eqti&l pnrta SHod ivnd lime, und 30-1 lbs. with 2^ purU 
sand to 1 of lime ; when four nud a half years old these numbers 
were raised to 40-4 and 298 respectively — the limp was measnred 
in p»Hto. The above figures appwir to gire the limits of variatjaa, 
but mortar in the interior of tliidc maaonrj must ha n long time 
acquiring any considerable degree of strength, and probaUf 
HPidom 3" ever tittainii the atrength acquired in a few ytmn by 
thnt more eicpoBed. In India it w a commnn practice to mix a 
little coarse sugar (jaghery ov goer) with the wiitrrr usvd to ma)K 
common mortar, this hastens the Betting i)f tlie martnr. Obtain 
Smith found that mortar 13 yean old inade of 1 pttcioommoii 
shell lime to 1^ sand mixed with water containing 1 Ifa. of 
jaghery per gallon, had a tensile fitrength of 6i lbs, ]ier squar" 
inch, while the tenaeity of simil.if mortivr preparpfl without \\k 
jaghery was only 4^ lbs per square inch, M. A. Marin's tables 
in the Aide Memoire, compiled after reference to the works of 
Vicat, Koudelet, Ganthey, and G. Resine are inoorrect ; it 
appears the word millinielre has been used erroneonsly for centi- 
metre : this mistake is not made in the ifenrtonee dei Matenaujt by 
the same author, but the errors have been copied ; thus, in the 
Roorkee College manual, on TA* Strength of Mat^-iaU, mortw 
is erroneously stated, on the authority of <M. Morin, to hmve a 
tenacity of .5,975 lbs. i>er square inch, brick a tenacity of 37,740 
lbs., Ac— these numbers should bo divided by 100. 

200. If instead of a pure limestone, a limestone containiof 
from 10 to 30 per cent, of silicates of alumina, or of alumina and 
iron, be ca1cine<1, the result is not rich lime, but a mixture of 
pure lime and the silicates, termed hydravlic lime; with a larger 
proportion of silicates, from 10 to 60 per cent, the product is 
eiiUed iiaiurai cement, the two materials not being distioguished 
from each other by a deGned line. Hydraulic lime may ha 
feebly hydraulic and differ but little from rich lime, or strongly 
so, according to the proportion of ailicates. The properties of 
hydraulic lime are as follows : — It slakes less rapidly than pars 
lime ; it solidifies by reason of the lime combining with the 
silicates to form silicates of lime, alumina, iron, and any other 
baaea present, and by the lime in excess acting as a rioh lima 
and fyrming a caiboaftte. fi^ton^V'j b^draulio line slakw my 
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imperfectly, and it is hence necessary to grind it to a fine 
powder before slaking ; not depending for its property of harden- 
ing on the presence of carbonic acid, it hardens (although slowly) 
under water, and it should not therefore be slaked in large 
quantities. As it slakes with difficulty, it should be left for 
twenty-four to forty-eight hours after slaking, to make sure the 
maximum expansion has taken place before employment in 
mortar. Less water is required to slake hydraulic than rich 
lime, the action not being so energetic in the latter case the 
evolution of heat and consequent evaporation are less. The 
lime expends or contracts in setting according as the silica or 
alumina is excessive, hence excess of either is to be avoided. 
Instead of burning limestones containing clay, hydraulic lime may 
be made artificially by mixing slaked rich lime and clay or chalk 
and clay together, forming a paste with water, and dividing the 
mass into small pieces, generally balls, two or three inches in 
diameter, and after drying these pieces in the sun calcining 
them. In making mortar with hydraulic lime, termed hydraulic 
mortar, the proportion of sand used must be less than in the 
case of common mortar, and less as the lime is more hydraulic ; 
strongly hydraulic lime of good quality will not bear more 
than two parts by measure of sand to one of slaked lime in 
paste — in general less should be used. The mortar should be 
mixed only as required for use. Hydraulic mortar is stronger, 
and attains its greatest solidity more quickly than common 
mortar ; clean sand should be used, but sea sand and sea water 
are admissible. Eapid dessication is more injurious to the 
strength of hydraulic than to that of conmion mortar; the 
admixture of organic matter and clay with any mortar is very 
prejudicial, hence the sand to be used should be carefully 
washed. Hydraulic mortar eighteen months old offers a much 
higher resistance to crushing than is offered by common mortar 
sixteen years old; this strength is said to increase one-fourth. 
Good hydraulic lime has about four times, and ordinary quality 
about three times, the tenacity of rich lime one year after 
mixture ; its tenacity varies between 100 and 170 lbs. per square 
inch. The tenacity of good hydraulic mortar is 140 lbs., and of 
ordinary quality 85 lbs., per square inch one year after mixture 
(Vicat). 

261. Common mortar may be made hydraulic by mixing with 
it pozzolanaa : these are mixtures of burnt clay and silica con- 
taining little or no lime, and are natural productions of volcanic 
districts ; iron scale and mine dust serve the purpose, and burnt 
clay ground to powder (termed silrki) is an instance of an 
artifioal ponolana in common use in India^ The |^ro^rti<^^c^& 
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iiri? Liaually one part of poizolana to two parts of liy di'aQlic lime, 
Ijut llieso inust dB|>eiid on the proportion of Bilicatos in the 
]iy[)t'n.iilic liiue used, t1)e pozzolasn being used to compensate 
fiir tlio deficiency of hydraulic properties in the lime. When a 
mixture of sand imd pozzolana are to be used with pure lime to 
make hydraulic morUir, two to three measures of tlie mixtaro 
may be used to one measure of unslaked lime. Mortar made 
liydraulic by the addition of artificial pOKEolanas is unsuitable 
lor work exposed to the action of sea water ; for although it sete 
wo!l At first in such situations, it has been found dtaint?|;rsLt«d 
ufter a few yoara' exposure. Artificial {lozzolana does nut 
deteiiorate by exposure to air and humidity, hence old brides 
may be used. 

262. Cements are distinguished CrDm hydraulic limes by con- 
tuiuing silicates in that proportion required to combine exactly 
witli the wiiole of the quicklime present ; thus, when cement 
has net it contains no carbonate of lime, but is oomposed entirely 
of compound salt of silica with lime and alumina, sometimes 
with iron and other bases when such ai'e present. The com- 
}>osition of the best cement is — 

2 equivalents of lime, . . 57 x 2 = IH-O 

1 equivalent of alumina, . 102-8 

2 equivalents of silica, . . 93 x 2 = 186-0 

402'a 
On the addition of water this compound forms a compact 
stone, composed of the double silicate of lime and alumina. A 
cement made by calcining stones containing lime and silicates in 
the necessary proportions, is termed natural; if made by cal- 
cining an artificial mixt»tre of either ground chalk or pure lime 
with clay, it is termed artificial; the latter is usually burnt in 
balls two or three inches in diameter, and is at least equal to 
natural cement. The proportion of clay to lime or chalk varies 
— four parts clay to six parts chalk is a common proportion, but 
the best proportion depends on the composition of the clay- 
When quicklime is tised, it should be slaked before mixture 
with the clay. About three hours is the average time required 
for calcination, the completeness of which is tested by hydro- 
chloric acid causing no effervescence. Comparing brick and 
hydraulic and common mortars, the relative tenacity of each, 
bad common mortar being one, b as follows : — 

Common mortar, . . . . 1-0 to 2-S 

Kjdraulic mortat 4-26 „ 7-0 

Brick, V4-0 „ ISO 
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Hydraulic mortar is used for important works; structures built 
with common or feebly hydraulic mortar may have the mortar pro- 
tected by tilling the outside surfacesof the joints with cement (point- 
ing), but this must hinder the hardening of the interior mortar. 

263. The principal conditions to be observed in applying the 
above described cementing materials are the following : — The 
mortar or cement should be used in a rather stiff paste ; the 
stones or bricks to be cemented should be clean ; those which 
are very porous should be soaked in water, and all others well 
wetted to prevent rapid absorption of moisture from the cement- 
ing material ; the joints should be as thin as possible, and every 
block should be well pressed home, in order that no vacuities 
be left in the joint. Mortar is sometimes used fluid, it is then 
poured into the work (grouting), but it is inferior in strength to 
mortar made with less water. Mortar adheres most strongly to 
bricks and least to wood ; of stones of the same kind it adheres 
most to the roughest and most porous, amongst different stones 
it adheres most to limestones and least to sandstones. For the 
£rst few years the adhesion of mortar to stone and brick is 
greater than its own cohesion. Hydraulic cements adhere to 
polished as well as to rough surfaces, hence they may be used 
to cement porcelain and iron as in cementing stalks and cups 
in insulators, for which they are admirably suited, and to which 
purpose they are frequently applied (Paragraph 290). Portland 
cement is an artificial cement manufactured from chalk or lime- 
stone and clay. Roman or Parker's cement is a natural cement 
made from stone. Cements do not slake, they set in water or air 
in a few minutes, and become very hard in a month ; the 
admixture of sand with cement diminishes its tenacity, and 
should be avoided where great strength is required. , Shrinking 
and cracking are reduced by the admixture of sand when the 
cement has to dry fully exposed to the air, and sand is some- 
times mixed with cement to increase the bulk of the material 
and thus reduce its cost. The proportions vary between one 
and two parts of cement to one of sand. Experiments made at 
Chatham in 1857, proved that Portland cement deteriorated much 
more by admixture of sand than Eoman cement : — when 1 1 and 
30 days old a mixture of one part cement to two parts sand was 
somewhat less than half as tenacious as pure cement ; the experi- 
ments were made by tearing joints asunder. Professor Eankine 
states that a mixture of equal parts sand and cement is only one- 
fourth as tenacious as pure cement; this estimate appears too low. 
Mr. Grant made an exhaustive series of experiments on Portland 
cement of the best quality. The tenacity of cement weighing 
112 lbs. per bushel waa — one week after mixture^ 200, one months 
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300, and oiie year, 480 Ibg. per square inch ; ciToqiial parts oenent 
iindsuid die tenacity wae 43 Iba., 1371b8.,ftnd SUIIIm. re^wctiTolyi 
find of Duu part cement to two parts aand. 23 lbs,, &S lbs., aiul SOS 
IbB. reapoctively. A cvmont weighing 123 IV*. i>Br buahvl wm 
mort] t^naciouH, ami the dimiuutiou of teuiiei^ on adiaUtture of 
sand, was proportionately less. The results of Mr. Grant'* 
exjieriinents with Roman cement were unBatisfiLCtory. Thft ten* 
city of ordinary cement is equal to tbat of good stock bridca, 
and from the above figuiva it vrili be Been tlie best oementB art 
much stronger. Sir C. W. Poaley found tb^ tenacity of oemeot 
inndo of ukallc lime and blue day a fi-w days aft«r taixture wm 
125 lbs. per squaro inch. ProfesBor Rankine, Civti Enginemriitg. 
states— ITie tenacity of Portland cement nmde from eonipact 
limestone and clay, ttiirty to fifty days aftur mixtnro. vanw 
between 1,2U0 and 1,&&0 Ibe. per square iuuli ; tlitne tigurm do 
not agree with those obtained by &L'. Gninl foi- tht. liigbeU 
quality cement, and the authority on which they are ffiv«u ia K^ 
stilted. Mr. Grant found the resistsjice of PortUad C 
crusbiug was as follows ; — 

'riivee months old 3,800 lbs, per square in 
Nine „ „ 5,988 „ „ „ „ 

A mixture of one part sand and one part cement three months old 
ottered a resistance equal to 2,488 lbs. per square inch, and when 
nine montlis old the resistance was 4,543 lbs. per square inch. 

261. 1'labter of Fakis or Gypsuu is a sulphate of lime from 
which the water has been expelled by calcination, it ia in the 
form of a white powder. If mixed rapidly with water, it com- 
binos with a portion of the water to form a hydrate, the mass 
swells, heat is developed, and the superfluous water evaporates; 
the mixture quickly solidifies and forms a compact grannlar solid. 
More or less water is added accoiding to the purpose to which 
tbi' j)laster is to be applied ; the average quantity is about equal 
in bulk to the powder employed. The use of hot water hastens 
the setting of plaster, and an admixture of salt or glue lunden 
the process ; but these expedients impair the strengtli of the 
product. Plaster has a tenacity of about 70 Iba per square inch 
when set (Bondelet). It is used for cementing poles into holes ' 
jumped or cut in rock, and into masonry, being preferred to 
cement for these purposes when the poles have been injected 
with sulphate of copper, as the lime in cements and martan 
decomposes the sulphate. Its property of expanding In aettiag 
renders it useful for fixing iron in stone, &c. 

265. Plaster is also used to fix the stalks and cups of inaulatois, 
but iisetl alone its property of expanding when setting may caaae 
AO infernal stress very pTeja^da\\A\lL« strength of the inmlctor; 
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the best mixture for this purpose appears to be a mixture of 
plaster, Portland cement, and sand, the contraction of the cement 
and expansion of the plaster neutralise each other; the sand 
besides reducing the cost, by increasing the bulk tends also to 
reduce the alteration of bulk to a minimum in the event of the 
other ingredients not being in the proper proportions. To reduce 
the cx]>en8e, the stalks are sometimes cemented with a mixture 
of smith's ashes and resin, the expensive cement being used 
for cups and hoods only. Muirhead's cement is composed of 
3 parts Portland cement, 3 parts rough sand, 4 parts smith's 
aslies, and 4 parts resin by weight (Clarke and Sabine) ; but it 
is better to make two cements of these materials than to mix 
them in one. A cement composed of plaster, with glue white- 
lead and sulphur, lias been employed for insulators. 

266. A mixture of smith's ashes and resin is a good cement 
for many purposes ; or equal parts of smiths' ashes and rough 
sand may be used instead of the former alone— the weight of 
resin employed should be about equal to that of the mixture. 

267. Sulphur may be used as a cement, or a mixture of sulphur 
with about 10 per cent, of iron filings; these cements are strong, 
particularly the latter, but great caution is necessary in applying 
them. Sulphur acts on metals and India-rubber — ^the expansion 
of sulphur cements, duo to combination of the sulphur with any 
metal in contact with it, limits their employment ; when used for 
insulators the expansion splits the cups and hoods after a short 
exposure to the weather. 

268. Marine glue is a cement much used for cementing plates 
into battery boxes, <kc.; it may be made of 12 parts benzole, 1 
India-rubber, and 20 powdered shellac; these should be mixed 
with cautious application of heat; it is applied with a brush. 

269. Common glue is a cementing material of very limited use, 
as it will not resist exposure to the weather used alone, but it 
will if mixed with white lead and linseed oil, the whole being 
boiled together and applied as common glue (Nicholson, Ency, 
Brit) Glue is made from the scraps of hides previous to tail- 
ning; the best quality is nearly transparent. Glue should be 
prepared as follows : — It should be broken into small pieces and 
soaked for twelve hours in as much water as will cover it ; it 
should then be melted at a temperature not higher than 212^, 
simmering gently for from one to two hours, and water added 
until it runs from the brush in a fine stream;. the soaking is 
sometimes dispensed with. Glue is used to join wood, paper, 
inc., principally wood; the joint is frequently stronger than the 
wood joined, and if torn asunder almost invariably tears out 
some of the fibres of the wood ; it holds to mahogany and deal 
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better than to most otber wocmIb, and bolda better &idawafB tin 
cndwiLys of tbe grnin; in the latter esse more glue is rriquirai 
and it should be allowed to soak in. Glued joints shot 
thin, thin joints being atroager than thiolc ones ; the sii 
aliould be well wetted with glue, then preaaed together in Tariwd 
-ways to press out as much glue as possible, tuid Chen if posmUi 
kept under pressui-e until the glue is dry. 

270. Red sealing wax makes a good electrical cement; scaliii| 
■wax dissolved in naphtha may be used. Solutions of Indi* 
rubber in the severa,! solvents are used as cements, particularly 
when requii-ed to be flexible. If India-rubber be heated to SW 
F., so that it begin to fume and remain permanently viscid, i 
forms a drying cement with its own weight of a mixture of sUkaJ 
lime and red lead in equal parts. For very delicate work sols* 
tiou of gelatine and mastio in rectified spirit or ether aro (' ~ 
best cements, but requiring groat care in preparation they I 
best purcliased i-eady-made. Diamond cemeat is a cement 
tliis kind used to cement metAla, ivory, wood, glass, Ac ; it « 
probably the best of cementing materiala. The prepare cement! 
for delicatB work offered for sale do not always fulfil the promisei 
set forth on their labels; for iin|)ortftnt work these should never 
be used until their value baa been tested. 

Sectios v.— Concrete, Biton, and Asphalt. 

271. Concrete is a. mixture of mortar and small angular ston« 
or gravel ; the usual proportions by volume average about I part 
lime, 2 sand, and i small angular stones, or 1 part lime to 6 parti 
unscreened gravel. Where gravel or stones are not avsiUble, 
broken bricks or burnt clay may bo used with advantage. The 
lime is mixed with the other ingredients and slaked after mix- 
ture, consequently the concrete expands as the lime slakes ; this 
expansion amounts to about three-eighths of an inch m a foot, 
and it continues insensibly for a month after mixture. If the 
lime be slaked before use, the concrete contracts in setting about 
one-sixth of its volume when first laid and rammed. On mixture 
of the materials, the reduction of volume due to mixture varies 
from one-fourth to one-third the volume of the unmixed materials. 

272. Bdton differs from concrete in being made with strongly 
hydraulic lime or cement instead of with fat lime, and as these 
materials slake with difficulty when mixed they are invariably 
slaked before mixture. The stones should not exceed two inches 
in diameter ; the proportion of mortar to stones should be sucl) 
as to rather more than fill the interstices between tbe latter, 

Ji quantity which -vanea in ^^iwAitM from one-half to once llw 
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Toltune of stones. Fat lime and pozzolana may be used instead 
of hydraulic lime or cement. B^ton is used in situations exposed 
to the action of water, and commonly for foundations under 
water ; but while setting it should be protected from the action 
of water in motion, which has a tendency to wash out the lime. 

273. Concrete being made with fat lime does not set under 
water. Concrete and bdton are much cheaper than masonry and 
brickwork, requiring merely unskilled labour, and consisting in 
great part of much cheaper materials ; but they have a tenacity 
only slightly above that of the mortar to which is due their 
solidity. They are usually used for foundations, although both 
in ancient and modem times they have been used for entire 
buildings, but such employment in modem practice is exceptional ; 
they may, however, be employed for floors and roofs, are com- 
monly so employed in India, and, under exceptional circum- 
stances, they may be used for walls ; for all such purposes b^ton, 
because greatly superior in strength, should be preferred. 

274. Concrete for foundations should be put into the founda- 
tion trench as soon as prepared, it should cover the whole of the 
bottom of the pit, and be well rammed, particularly round the 
sides and in the comers ; it should be completed in layers not 
exceeding a foot thick, and as soon as set the building may be 
commenced on it. B^ton when used under water is thrown in 
in bags or a framework of timber, or fascines are used to protect 
it from the action of the water until set ; sometimes it is moulded 
into blocks and thrown into water, or built up as blocks of 
natural stone. A bed of concrete covered with asphalt (as 
described below) forms an excellent flooring or roof, impervious 
to damp. Concrete may be used above ground in situations where 
the constituent small stones are not liable to be disturbed. 

275. Asphalt is a bituminous limestone, containing from 3 to 
15 per cent, of bitumen ; it is found in the Jura mountains, in 
Trinidad, and other places. The composition of the bitumen is 
85 C. 12 H. 30. per cent., it has a characteristic odour resembling 
that of tar and pitch, and strongest at the boiling temperature. 
Below 50* F. it is brittle, at 50° to 70° soft and plastic, 70° to 90* 
pasty, and above 120° liquid. 

276. Asphalt ground to powder or broken small, with from ^ 
to |- of its bulk of melted bitumen or mineral tar obtained from 
bituminous shale or sandstone, forms asphaltic mastic ; the mass 
is thoroughly melted and the ingredients well incoi*porated. This 
compound, mixed with 15 per cent, of fine grit, is used as a 
covering for roofs, and with 25 per cent, of coarse grit it forms a 
good material for footpaths. The quantity of bitumen required 
is greater the less of it is contained in the asphalt ; the additLoiL 

K 
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of the grit proTents the softening — pa vetnenta should not 1)eoomn 
iq)pri.'ciably soft at 160° F. Artificial or fiLCtitions nspli&Itiu 
miuitic is made by adding powdered litnestane to either mvlteAl 
coal-tar or a solution of pitch in pitch oil ; those artifiodl 
compounds ore deficient in strength, but they are suitable tOtm 
pavements in some situations, and are exceedingly cheap. Onvfl 
part of aflpbaltic mastic with about a thirty-fifth of resin oil, nnU 
three-flftiiH of sand, by measure, forma a bituminous or asphaitiin 
mortar ; eleven ineaawes of this mortar with nine of brokettJ 
Btone forms a bituminous concrete, which may be used to coron 
roads anil build under water. A layer of asphalt |-inch thidH 
is im]>errious to moisture ; good asphalt |-iDch thick over M 
thick bed of concrete forma a good rooi^ and as pavenieilM 
asphalt is very durable, being elastic and therefore less liable tail 
crack than cement. I 

277, Asphalt requires but little skill to apply, and ia "aatt^l 
repaired; with the addition of a little mineral tar old matedAI 
can be worked up anew — although it softens it never triM^tAfl 
It has the disadvantage of not adhering well, and ^M^^^H 
unsiiitcd to vertical surfaces, fur the same rensou it i^'flRHRH 
slip in summer if applied to steep roofs \ aa a cement for maaoniy 
it is dearer than Portland cement, and damp readily condenses 
on its surface. Asphalt is sometimes used to protect concrete 
from the action of water, it may be used to protect wood aod 
generally to exclude water; it forms excellent pavements fer 
battery rooms, particularly when under ground ; used over felt 
it forms an excellent light roof for temporary buildings, and it 
may be used over iron sheds to exclude the sun's heat ; its valuable 
properties might render it of great use in telegraph construction, 
jwrticuiarly where skilled labour cannot be obtained ; possibly it 
might be used to protect gutta-pcrclia covered underground wires 
from the rapid deterioration thoy suffer in tropical climates. 
Subterranean lines of uncovered wire imbedded in asphalt were 
tried in France ; they worked well without repair for five yean, 
after which period they were still perfectly preserved. The wires 
were galvanised iron in series of 4, 6, or 10, in two parallel 
layers ; they were four millimetres in diameter, and the distance 
between them and between the outside wires and the exterior 
surface of the asphalt was 27 mm. The asphalt employed was 
of the best quality. The composition of the concrete -was in ft 
hundred parts: — 

Asphalt, .... 58-75 

Purified bitumen, . . 7-24 

Fine gravel, screened and well-washed, Sl'Ol 

100-00 
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The cost per metre run, exclusive of the cost of digging the 
trench, was for ten wires 6 francs 65c., six wires 4 fnmcs 77c., 
four wires 4 francs 42c. This mode of protecting wires has been 
abandoned, but for reasons apart from its efficiency. With due 
precautions asphalt may be used to protect underground wii'es 
in towns, between cables and land lines, etc., and in some situa- 
tions prove efficient and economical. Asphaltic mastic may be 
purchased ready for use and packed in barrels, of the several 
asphalt companies ; the quantities of grit to be added, mode of 
application, melting point, etc., of each preparation may be 
obtained from the vendors. A vessel in which to melt and mix 
the ingredients, and shovels or trowels to spread the mixture, are 
all required to enable unskilled labourers to execute most kinds 
of useful work ; pavements and other surfaces required to be level 
are generally smoothed with an iron tool having a flat sur£Etce~- 
it is attached to a wooden handle and used hot. 

278. The limestone contained in asphalt may be attacked by 
strong acids ; a mixture of coal tar and finely-ground fire-clay in 
such proportions that when cold the mixture yields perceptibly 
to the nail, forms an excellent material for stopping joints in 
pipes and other vessels to contain corrosive liquids. The so- 
called asphalt used with hemp for covering telegraph cables 
does not appear to contain asphalt ; it difiers in composition with 
difierent manufacturers, and consists principally of silica and 
bitumen or mineral tar ; " Clark's Compound " or " Clark's 
Asphalt " is composed of by weight " 65 parts of mineral pitch, 
30 parts of silica, 5 parts of tar " (Clark <fe Sabine) ; the term 
** silicated " used by some manufacturers is evidently better than 
" asphalted " as applied to such preparations. Mixtures of silica 
and bitumen are cheaper than asphalt, and quite as well if not 
better suited to protect the hemp of a cable from the attacks of 
luariue animals, and the wire-covering from oxidation. 

Section VI. — Masonry and Brickwork. 

279. The following are the common technical terms used in 
describing masonry and brickwork : — The surface of the work ex- 
posed to view is termed its /ace, the face of each block is its surface 
exposed on the foce of the work ; if one end of a block appear on 
the face of the work so that the length of the block be perpen- 
dicular to the face of the work, this block is termed a lieader, 
the face end is sometimes termed the head, and the back part 
extending into the work the tail ; a block lying with its length 
parallel to the &ce of the work is termed a stretcher. When the 
work is built up in layers^ each layer successively formim^ o^ 



PBOPERTieS AMD APPLICXTIOSS OF MATERIALS. 

plane Hurface on wliich the next b built, tbeae layers are termed 
courses, and the work ia said to be courted; wlic-n the courses ore 
not made of uniform depth one with another, and at the sauie 
level thioughout their whole extent, the work 'm said to be built 
in random courses. The sui-facoH of a block parallel to the 
courses are termed its beds, and the joints between or parallel to 
th^ courses are termed heda or bed-jointi; the joints transren^ 
to both the beds and the face are termed tide-}oij\ta or simpl; 
joints. Comer stones are headers on one fece of the building 
and stretchers on the other; they are usually latter than the 
other stones, selected, and are termed qtiottu. A course of large 
stoneij projecting somewhat beyond the face of the structure, 
uaualtv serving to distribute a load over tlie smaller stones of 
the coarse below, is termed a »tnng eonrse. A course placed on 
the top of a wall to protect it from rain and prevent the couree 
below being disturbed by violence, is termed a cope; it nisy 
conHist of large flat stones projecting beyond the course below, 
of bricks similarly projecting or not, or of stones placed on edge 
fixed with hydraulic mortar or cement; the cheapest kinds of 
masonry may be coped with sods or clay puddle. The first 
courses laid on the foundation are usually extended to distribute 
the pressure of the structure over an increased area, and thereby 
increase the stability of the structure; such courses are termed 
footing courses, and together form what is termed the/ooting; they 
are usually built to form a series of steps on each &ce, the upper- 
most course projecting least. 

280. The following rules should be observed in building masonry 
and brickwork ; they are applicable to all such work whether built 
with puddle, mortar, cement, or without cementing materials, of 
shaped or irregular masses of stone, or of bricks numt or sun- 
dried. As far as possible the work should be erected in a series 
of layers or courses as nearly as practicable perpendicular to the 
load to be borne ; the blocks should break joint with each other 
in the direction of the pressure, each block overlapping the 
joints above and below it so as to tie tlio work longitudinally ; 
the amount of the overlap in masonry is from once to once and a 
half the depth of a course, in brickwork from a quarter to half a 
brick. The blocks should also break joint in the direction of 
the thicknes.t of the work ; or a certain proportion of them, 
termed in masonry bond stones, should pass transversely through 
the work or penetrate to a certain distance into it, to bind it in 
this direction; particular care should be taken in this respect at 
the corners where two walls meet at an angle. In masonry at 
least one-fourth of the face of the work should be headers. E 
the blocks differ in size tike Wgeat ahould be used for the lowest 
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courses. The shapes of the blocks should be such that they be 
not liable to be broken across; thus weak soft stones should not 
have a length greater than three times, nor a breadth greater 
than from once and a half to twice their depth ; in harder 
materials the length may be four to five times, and the width 
three times the depth. Stones which have h laminated struc- 
ture should be laid so that the direction of the principal pressure 
may be perpendicular or nearly so to the planes of the layers— 
this is termed laying the stone on its natural bed; it is also 
necessary that the beds of such blocks be their largest surfaces. 
When the blocks are not rectangular in shape but irregular, no 
side joint should make an angle with a bed joint less than 00°^ 
and rounded stones should be broken into angular pieces. When 
mortar or similar cementing material is used the oonditions 
stated in Paragraph 263 should be fulfilled; and as in such cases 
slight settlement occurs by reason of the compression and con- 
traction or expansion of the cementing matter in setting, this 
settlement should not vary in amount in adjacent parts of the 
structure — e.g., if the settlement be greater on one side of a wall 
than on the other by reason of the joints being more numerous, 
thicker, or filled with different material, the difference of settle- 
ment may cause the wall to lean to one side, or to crack longitu- 
dinally ; and inequality of settlement in contiguous parts in the 
direction of the length of the work causes vertical cracks, the 
injury being more certain the greater the height of the structure 
and the difierence of settlement The back joints of the hcing 
blocks in footing courses should be as far back as practicable, 
and far enough to fall vertically under the superstructure; the 
[)rojection outward of each footing course beyond the course 
above should be smaller the greater the weight to be borne, and 
the projection both of each course and the whole footing must 
be such in propoHion to the depth in each case respectively, that 
there may be no danger of the projection being broken off by the 
weight of the structure and slight settlement of the foundation. 

281. Stones are shaped and fieKsed by means of a hammer 
termed a scabbling hammer, the head of which is pointed on one 
side and axe-shaped on the other ; and chisels, one pointed, the 
others of various widths. The hammer produces an approximate 
plane surface; its point leaves a sur&ce covered with small 
parallel ridges, the chisel cuts away these ridges and leaves a 
plane surface. Stone dressed with the hammer is said to be 
scabbled, smoothed with the chisel it is said to be droved. 

282. Masonry is of an indefinite number of qualities, depend* 
ing on the regularity of form and degree of finish given to eack 
stone, the size of the blocks, Ac^ and frequently di£&x^SQ^» o^ib^- 
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ties are inixeii in tlie sftme Btructwre; thus, ft structurp ii 
prfSEure is more concentrated ou one part th&n anotlier may )ibto 
a better quality of moaonr}' where tbe pressure is greattst. The 
superior qualities are used tiUo to strengthen parta of inferior 
Diaaonry, as the angled where walls meet, and lor tbe sake of 
appt?amnce and durability inferior may bo &ccd with supRrior. 
Amhlar masonry is composed of rcgulnr blocks built in eounoi 
of a unilbrm depth, seldom less than a foot. The be.st kiud^ 
have the stones dressed with the chisel, the coarser kinds with tbe 
hammer. The &ces may be dressed or btcd quarry-fiiced, but the 
beds and sides of the blocks are dressed accurately; in tbo c»»- 
of the beds this 1% of great importance, in order to distribute the 
pressure over the whole surfece of the bed of each block. Bloix- 
IN COURSE masonry difiers from hammer-dressed aAltlar chiefly in 
being built of smaller stones. Coursed BubbIiE maaonry is bailt 
in courses generally leas than a foot deep; the side joiuta are not 
necessarily vertical, but each course is correctly levelled to fonn 
a base for the succeeding course. CoMHOS BUBBLE differs {rom 
tlie above in not being coursed. Dry stose biiiidinj; is the saine 
as coursed or common rubhle, with the ninrtar omittt-d. Clay 
puddle may be used to cement stones buUt as in common or 
«out8ed rubble; this work forms a durable base to a mud wmlJ, 
and an excellent facing to earthwork, when sheltered. Ashlar 
masonry is used for work in which the greatest strength, dura- 
bility, and finish are required; it is used for quoins, copes, and 
string courses of lirickwork, and inferior kinds of masonry. 
Asldar and block-in -course are frequently backed with rubble. 

2B3. The systematic arrangement of the blocks, to which is 
due in a great measure the longitudinal and transverse tenacity 
of the work, is termed the bonil. The strongest bond w-hen the 
blocks arc regular in shape and uniform in size and figure, as is 
the case with bricks, is that in which each course is composed 
of a header and a stretcher alternately on the face of the work, 
the headers of each course being over the centres of the stretchers 
of the course below; in this case somewhat more than one-third 
of the area of the face consists of the ends of headers ; in general 
tlic ends of headers should compose at least one-fourth of the arefl 
of the face. These headers should penetrate quite through the 
work if thin, and for a distance equal to three to five times the 
depth of the courses if thick. When the stones are irr^ular 
hi.'nders should range in breadth from once and a half to twicr 
the depth of the course ; and they should be the entire depth of 
the course, although, as in rubble, the other atonea may be 
BzatiUev, and two or more lo tbe de^th of the course. 
384. When the stoaea are abs-v^ to &.t-«i'i\n^i!*Aiw, as m ^mblar 
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masonry, the mortar should be about one-eighth of an inch thick, 
and its volume about one-eighth that of the stone employed; in 
rubble the volume of mortar reaches one-fourth that of the stone. 
In building rubble spaces between the larger stones should be filled 
with smaller stones, not with the cementing material only. 

285. If superior kinds of masonry be backed by inferior kinds, 
the face and backing should be carried up together in courses of 
the same depth, the two kinds should be held together by 
headers of the superior masonry extending into the backing; 
these headers should be properly proportioned both as to num- 
ber and penetration inwards, they may taper in width in the 
backing but not in depth, and the facing stones should be 
dressed and fitted as superior masonry for a certain distance 
inwards, generally from once to twice the depth of a course. 
Blocks of stone in masonry are sometimes fitted together with 
cramps or dowels fixed with lead or cement; insulator brackets 
and stalks are often fixed into masonry either in the joints or in 
holes exit in the stones — cast iron should be used generally, as 
wrought iron is more liable to corrode, when it swells and may 
open the joint or split the stone. Cope stones and othei*s requir- 
ing extra strength are sometimes fitted together with dowels; 
these are small pieces of iron, copper, or hard stone, fitted into 
contiguous holes in adjacent stones with lead or cement, serving 
thus to connect the stones together; hard stone dowels are the 
most durable; if iron be used cast iron should be preferred. 
Dry stone masonry 6 to 18 inches thick is used to protect 
earthen slopes against the action of water, the beds of the 
courses are laid perpendicular to the slope; it is also used for 
low walls. In places where the ground is rocky and there is not 
sufficient depth of sur£su;e soil in which to fix line posts, cairns 
of dry stone are built in which the posts are set, the interstices 
between the larger stones are filled with surface soil and small 
stones, and the whole is coped with sods, surface soil, or clay 
puddle; in such cases, if the sur£a<^ soil will admit of it, an 
earthen mound fisu^ed with dry stonework or stone set in mud 
may be used; in any case the durability and strength of the 
work will depend on the observance of the rules as to bond, &c., 
stated above. Where the ground is very rocky or very loose 
posts are sometimes built into plinths of coarse masonry set in. 
mortar or cement; this is sometimes necessary also in the case 
of masts erected in waterways, stays not being admissible, as 
they catch driftwood. Great care is necessary in erecting such 
plinths, as the vibration of the wire and post often so interferes 
with the setting of the mortar that the stones work loose, and a 
force acting at the summit of the post acts with great levera^qgw 
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to disturb the masonry; it is safer U> use hydraulic mortar, and 
time should be allowed for the mortuir to become solidified Ix^are 
placing tho wirt^s on the posts. Such short pillars sboold bo 
coped with large flat stones, and excepting when very low they 
should taper upwards; the mass necessary to give the roqnirvil 
Htaliility and the tensile strength should be calculated in each 
case. Poles injected with sulphate of copper arc better set iu 
plaster than mortar, as chemical action occurs between the lima 
m the mortar and the sulphate of eopper in the tilIlbt^^. 
Masonry obelisks are in some cases ehesper than timber or iron 
to su9j>end lines over rivers; these sLonld bo of rough block in 
coarse masonry, they should bo well spread out at the foncda- 
tion, which should be placed below the surface to a depth suffi- 
cient to ensure permanent stability of the soil bolow. Lar^-« 
stones are seized for hoisting by claws or nippers, by two short 
plugs inserted in holes and attached to a chain, or by an insti-u- 
ment termed a lewU. 

286. In constructing brickwork, as the blocks are uniform in 
size it is comparatively easy to ensure the observance of those 
rules oil which the stnmgth and stability of blockwork Btmctures 
depend (Paragraph 280); but in the case of coarse masonry, as 
rubble and dry stone building, great watchfulness is sometimea 
necessary to prevent the work being badly done. In brickwork 
the only conditions to observe besides those ali-e^y stated are — 
to reject all mis3haj)cn and unsound bricks, and to guard against 
the use of baU or pieces of bricks, excepting when absolutely 
necessary to close an opening or finish the end or comer of a 
wall; in no case should less than half a brick be used. Where 
possible the dimensions of the work should be such as to render 
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in which headers and ataetc^iem a-lteraate in each course, fig. 60; 
ibe former sj^atem is termed English Vmd,&«>\&'>.'<Ait FlnmiicA imdL 
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In English bond the length of a brick being twice its width, there 
are twice as many side joints in a course of headers as in a course 
of stretchers ; and unless gi*eat care be taken to keep these joints 
thin in the header course the equality of the courses will not be 
maintained, and the use of bats will be rendered necessary; but 
English bond is esteemed stronger than Flemish. The proportion 
of headers and stretchers in English bond should be regulated 
accordingly as longitudinal or transverse tenacity are the more 
desirable ; one course of headers to two of stretchers, fig. 59, pro- 
duces equal tenacity in both directions ; when the longitudinal 
tenacity is of more importance than the transverse, as in plinths 
for posts, as many as three or four courses of stretchers may be 
used to one of headers. Flemish bond is neater in appearance 
than English, and as the courses are alike, containing both 
headers and stretchers, the number of side joints in each course 
is the same; hence there is no danger of the equality of the 
courses being lost^ The longitudinal tenacity of brickwork is 
sometimes increased by pieces of hoop iron laid in the bed joints, 
these should break joint with each other, and the ends of each 
piece should be secured by being bent down at a right angle and 
inserted into side joints. String courses and copes of bricks 
should consist entirely of headers ; the outsides of footing courses 
should also be all headers, no course projecting more than a 
quarter of a brick beyond the course above it, excepting in walls 
too thin to render this condition possible ; the object of usin^ 
headers is to keep the back joints as far back as possible and 
under the superstinicture. In exceptional cases footing courses 
are laid double, a header course being laid above a stretcher 
course, or a single course of stretchers is laid as a lowest coui'se. 

288. Stone coping is commonly used with brickwork, of which 
it increases the durability, brick copings being liable to have the 
bricks disturbed ; the use of stone coping string courses and quoins 
with brickwork increases its strength and stability. Great care 
is necessary when stone quoins are used, as the joints in the 
brickwork being more numerous than in the stonework, there is 
danger of unequal settlement ; to prevent this the joints between 
the courses of bricks should be made as thin as possible. Flat 
cope-stones should be cramped together or connected by dowels 
as a means of greatly increasing the durability of the work, par^ 
ticularly in circumstances where they may be subjected to acci- 
dental violence tending to disturb them. 

289. Masonry and brickwork is best estimated for in telegraph 
estimates by the cubic yard, local and trade measures should be 
expressed in this unit. The work of building in stone and brick 
such structures as are required in telegraphy is so affected b^ IVl^ 
peculiar drcnmstanoes of the case, that data incn^s^^^Vj ^t&sost^ 
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hiiilJinga are of but littlo use, in general strict supervijiLon alnne 
can Hccure due ecouomjr : teleg^pb nurk ia enhanotMl iu omL l:^ 
bcin^ distributed over considemble distanoes, by coflBiatiojt of 
amall Btructures, and by the diBVirent and generftlly [ow degrees 
of efficieocy of the workmen employed. The folliiwLng data an 
given on the ant liority of Professor Knnkine : — Bxclusive of mixing 
mortar, building dry stone, coursed rubble, or blf>ck in conrw, 
one man per cubic yard per day; ashlar one-half to one cubic rarJ 
per man. The labourer's work and hibour of atone breaking must 
ditler i^cntly in amount, according to the cinnimstAncea of each 
jtarticulai- cuse : dry stone building wtU require one man, conrwd 
rubble one and a balf man, and bloek in course about two mm 
per cubic j'ard ; asblor requires more on aocount of ttie Bxtn 
stone breaking and size of the atones. Stone outtiitg for block 
in course requires about one and a lialf man per cubic yard, aaUar 
from two and a half to six men. The above refer to soft stone. 
Hard stones require three to four times the labour to cat retpiind 
by soft sandstone. In brickwork a bricklayer and Labourartn 
aaid to build about 1*6 cubic yard per day. 

290. The strength of the highest class masonrj- i.^ inferior t<i 
that of tlie single blocks of which it is built (Paragraph 71* 
ConraeJ rubble offers about four-tenths the resistance to crushing 
offered by the single blocks composing it ; common rubble lb but 
little sti-onger in this respect than the mortar employed ; hence, 
if strength be required, rubble masonry is rendered auitjibte bj 
the use of strong hydiwilic mortar. The ultimate resistance to 
crusliiug of good hand-ma<le bricks is 800 to 1000 lbs. per squsK 
inch ; that of inferior kinds may be aa low as half tliis ; and ill' 
burnt hand-made bricks may offer an ultimate resistance to 
cnishing but little over 200 lbs. per square inch. A. mai^iine- 
made brick by Messrs. Clayton and Co., teated by Mr. Eirktddy, 
offered the extraordinary ultimate resistance to crushii^ of 
u]>wards of 5,000 ibs. per square inch, the greatest reslstanR 
attained; other maehine-maJp bricks, by the same makers, bore 
1,478 lbs. per square inch without cracking, 2,068 lbs. beforv 
cracking considerably, and nearly 3,000 tbs. before being quit« 
crushed. The osperiraents of Mr. Clarke gave 6,300 lbs. as tba 
resistance of rather soft bricks set ui cement, and this is abont 
the average resistance offered by ordinary stock bricks set in 
good mortar. The subject of the tensile and transverse strength 
of brickwork and masonry has not received so much attention M 
their resistance to cruafaing; for in the majority of oases, the 
resistance to cnishing and the stability are relied on, and tbe 
tenacity and transverse resistance are not called into play ; bnt 
it haa been pointed oat witb '^us^w^ that although sometimes 
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ignored in theory, in practice the tenacity of brickwork is com- 
monly applied in practice, and in many cases of flat brick arches 
and beams bearing walls, the brickwork acts as a beam. The 
tenacities of mortars and cements are stated in Section 3. The 
tenacity of good bricks is on an average 270 to 300 lbs. per 
square inch (Rankine) ; M. Morin states it 277 lbs. In green 
brickwork the strength and adhesion of the cementing material 
determines the strength of the work, but when the cementing 
material has set, it may be stronger than the bricks. The trans- 
verse strength and tenacity of brickwork are probably sensibly 
equal, and depend on the strength of the bricks and cement and 
the adhesion between them. The tenacity of each kind of cement- 
ing material is stated in Section 3. The adhesion of common mortar 
to compact limestone is 15 lbs. per square inch, to brick 33 lbs., 
six months after mixture (Rondelet). Mr. Robertson found the 
adhesion of well-ground mortar of the same age was — to blue 
stock bricks, 40 lbs., and to grey stocks, 36 lbs. per square inch. 
General Pasley found the adhesion of cement to stone was as 
high as 125 lbs. per square inch when quite hardened ; he found 
the average adhesion of two bricks cemented together with Port- 
land cement to be 140 lbs. per square inch ; in the interior of 
thick joints it is probably much less. Vicat considered the ad- 
hesion of mortar to bricks equal to the tenacity of the cementing 
material (Paragraphs 259 to 262). Mr. Robertson found the 
adhesion of cement to grey stock bricks to be as follows : — 

Lbcuper 
Square Inch. 

Quick setting cement, 1st week, . . .23 

„ ♦„ „ 4th „ . . . oU 

Slow „ „ Ist „ ... 15 

„ „ „ 4th „ . . . oJ 

See also Paragraphs 259 to 262. Some of the above data are 
from articles on the tensile and transverse strength of brickwork 
and masonry which appeared in Engineering in 1872. The 
factors of safety for brickwork and masonry are 8 to 10 for a 
live load, and 4 to 5 for a dead load. 

291. The durability of masonry and brickwork built with com- 
mon or slightly hydraulic mortar, is increased by pointing, the 
mortar being scraped from the outer edges of the joints with the 
point of a trowel, the groove so formed is filled with hydraulic 
mortar or mixed ceme^nt to protect the interior mortar. 

202. When inserting posts or brackets in, or supporting posts 
on, masonry or briokwork, the fiact that the tensile strength of 
such work is comparatiyely low should not be lost sight of \il!k»& 
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mitsoiiry erected to support a post vliei'e the soil is too shallow 
to iuHcrt the post in the ordinary way, eliould be of a weight 
proportionate to the pull on the post, and ahouh) be well bonded, 
particularly at the corners. If a bracket he inserted in & wall, 
it should be considered if the weight of the wall above the point 
of insprtioa of the bracket and its tenacity bo sufficient to resist 
the action of the bracket when loaded, if this weight be In- 
sut&uieut, OS when a bracket inserted near the top of a, wall has to 
carry a post or other heavy load, then the outer end of tho bracket 
should be supported by an oblique stmt resting on a etrin^ 
coui-se or other projection, or inserted into the wall below, tho* 
transferring the tension on the wall to a jKiint ButBcieatly low U 
ensure the requisito stability, or preventing tension, entirely. 
To insert a cantilever in a wall, it is merely neoessary to eut i 
hole in the wall and insert the cantilever, using c«ment or 
plaster ; iron to be inserted in a hole in a stone may be fixed by 
means of melted lead, tho advantage of this mode of fixture beinj 
tlio preservation of the iron fivm desti-uction at the joint by oxi- 
dation, and preventing it from splitting the stone by its expansion. 



CHAPTER 11. 

UETALB AND ALLOTS. 

Section I. — Iron. Division L— Cast Iron. 

293. Pure iron is only known in the laboratory; tho iron com- 
monly used is combined chemically and mechanically with other 
substances. The chemical equivalents of iron are 56 and 2S 
(H = 1); deposited by electricity its specific gravity is 8-14. It 
has a brilliant lustre, takes a high polish when bumiabed, is 
soft, has a great affinity for oxygen, is rapidly dissolved in acids, 
and therefore is easily tarnished ; alkalies protect it from corro- 
sion. Carbon and iron are the only essential ingredients in cast 
iron, steel, and wrought iron ; on the proportion of carbon p»- 
sent depends those distinguishing characteristics on which tlM 
classification is based. Wrought iron is iron containing not more 
than 0-25 per cent, of carbon, steel contains more than 0-25 and 
less than 1 '9 per cent., cast iron contains more than 1 '9 per cent. 
These distinctions are in a measure arbitrary, cast iron, Bt«d, 
and wrouglit iron meT^ng inVk eai^ ii^\i%t without any d«£ned 
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line to mark the distinction ; thus, according to some authors, 
steel has from 0*5 to 1*5 per cent, of carbon, compounds con- 
taining from 0*25 to 0*5 per cent, are termed steely iron or semi- 
steel, and those containing from 1*5 to 2 per cent, are regarded 
as intermediate between steel and cast iron ; but the justice of 
the former classification will be apparent after consideration of 
the distinctive qualities of the several compounds named. Cast 
iron can be neither forged, welded, nor drawn. 

294. Iron is found nearly pure, as in meteoric iron, which con- 
sists of from 85 to 90 per cent, of iron combined with other 
matters, principally nickle and cobalt Commercial iron is ob- 
tained from ores consisting of the oxides or carbonate combined 
with various other substances, principally clay and sand, with 
smaller quantities of the carbonates of lime and magnesia, and 
still smaller quantities of carbon, manganese, arsenic, &c. Ores 
containing at least 20 per cent, of iron are termed ores proper, 
as they can be profitably smelted alone. Ores containing a 
smaller proportion of iron are termed fluxes ; they are used with 
the richer ores to supply the deficiency of clay or sand necessary 
to aid as a flux in smelting, the addition of poorer ore being 
more profitable than the addition of simply those matters required 
to complete the formation of the required flux. If the iron is in 
the form of carbonate (otherwise rarely), the ore is roasted to 
expel carbonic acid and water, a small quantity of the sulphur is 
expelled, and organic matters, if present, are decomposed. The 
ore is mixed with friel and a flux usually containing lime, the 
proportions of the ingredients of the mixture being determined 
by experiment or aniJysis for each description of ore. The mix- 
ture is placed in a furnace urged by a powerful blast of hot or 
cold air, the oxygen of the air combines with the carbon of the 
fuel to form carbonic acid; this is decomposed by the heat into 
carbonic oxide and oxygen, the oxygen of the iron combines 
with the carbonic oxide to re-form carbonic acid ; the limestone 
is decomposed, the lime combines with the earthy matter of the 
ore to form a glass or slag. The molten metal reduced sinks to 
the bottom of the furnace, and the slag floats on the top of it; 
when the process is completed the iron is run out and cast into 
ingots termed pigs. Sometimes the iron is run directly into 
moulds to form castings, but this practice is only employed for 
inferior work ; when considerable strength is required the iron 
is cast into pigs, and the best of these are selected for remelting. 
In some cases common salt or other chloride is used to remove 
sulphur and phosphorus. On an average about 6 tons of ore, 
fuel, and flux, and 13 tons of air are placed in the furnace for 
each ton of iron obtftined, yielding alK>ut 3 tons of liquid, and 



190 rsOPEBTIES AND APFLICATIOXS Or MATEBIALS. 

ripfti'ly IC tons of gaseous matter. Tbe proportions of or*, flnx, 
nnil fiiel, tbe kitiiis of flux niicl fuf I, the sti-ongtli anS temper^tuiv 
of tbe blast, and other details, dspeod ou the quality of tbe ora 
and kind of product required ; tfaeao ms-tters require cnnsulei' 
iible experience in tbe Bmelter, 

2B5> Iron obtained from tlio blast furnace is very impure ; it 
contains 2 to 5 per cent, of carbon, bueidea silicon, sulphur, p)iu» 
phorus, mangnnese, calcium, und magDesiom. TLe prcaencn of 
carbon is eaaentitil to fusibility; mangaaeso roakes iron Iinnl«r, 
and it improves tho (Quality of steel, but in large quantities it 
diminit^lioa the tenacity; its presence is not essantial t« good, 
Hteel. Sulphur, calcium, and magnesinin make malleable iron 
red s/tort, or brittle at high temperaturss ; phosphorus and bilicmi 
Illlike it eold short, or brittle when cold> Bulphur in dirivod 
from the fuel, benca the superiority in this rospeot of iron 
smelted with charcoal; phosphorus is derived from the flax ur 
thii fuel — the removal of these is effected by ehloridea. Tlio pfe- 
Hence of the metals- derived &om> the lime and entthy mattsn 
mnnot be prevented, because if either lime or silica be abaont, 
tbe other must be added as a flux. 

296. C'ast ii'ou is distinguished ;i8 while nud i/re;/ : thesi' lio 
not differ in the (juantity of carbon they contain, but in the 
manner in which the carbon and iron are combined ; white cast 
ii-on contains 3 to 4 per cent, of carbon combined cheniicatly, tbs 
grey iron contains only 1 per cent, or even loss combined chemi- 
cally, the remainder being mixed mechanically. The prodnctioo 
of ivliitc or grey iron is determined by the management of the 
lurnuce ; a. high temperature and abundance of fuel produces 
grey iron, a lower tempei-atnre and less fuel wliite iron. Orel 
Ciist iron is bluish in colour, ginnuhir in texture, romji^mtivelr 
Koft and fusible, and weaker and more fluid when t'tised than the 
harder variety. White iron is distinguished as granular and 
crystalline ; the former is convertible into grey iron, by fasion 
and slow cooling, and reconverted by refusion ajid sudden 
cooling, those changes occurring more readily in iron of good 
quality. White iron is white, brittle, excessively hard, infusible, 
strong. Ices liable to rust, less soluble in acids, and employed u 
bearings has leas friction than the grey ; the crystalline variety- 
is the harder and more brittle, and is therefore unsuited to 
engineering purposes. Grey iron is distinguished by number 
accordingly as it differs more or loss from the white, No. 1 being 
that fuk-thest removed — i.e., the softest, moat fuaible, ko. I 
Granular white cast iron is also teo brittle for use alone in 
engineering structures, but it ia used with grey iron ; when 
grey iron is cast the outer layer of the casting ia cooled quicker I 



DIFFEBENT QUALITIES OF CAST IRON. 191 

than tho inner parts, and it forms a skin approaching more 
nearly than the interior to the condition of white iron. The 
white condition of tlie skin is ensured for some purposes by the 
process termed chiUing, which consists in lining portions of the 
mould with suitably shaped pieces of cold iron; the molten 
metal being suddenly cooled by contact with the cold iron, the 
casting is covered to from one-eighth to one-half inch in depth 
at these parts with white iron, the remainder of the casting 
retaining the grey condition. The skin of cast iron is harder 
and stronger than the interior, it contributes greatly to the 
strength of the casting, and it should not be injured or cut in 
any part to suffer considerable stress. As cast iron varies between 
the extremes of the very hard strong and brittle white, and the 
comparatively soft and weak No. 1 grey, in any particular case 
that quality oest suited to the puq>ose should be selected. Grey 
cast iron No. 1 is most fusible, it produces the most accurate 
castings, but it is soft and deficient In strength ; it is suitable 
for small castings in which accuracy is more . important than 
strength, and in which it is especially required to attain the 
minimum brittleness. In large castings for engineering works 
the extreme brittleness of the white, and the softness and weak- 
ness of the No. 1 grey, are both undesirable ; a quality inter- 
mediate between these extremes should be selected — Nos. 2 and 
3 grey are best suited to these purposes. The qualities of iron 
are also distinguished by the name of the place or district where 
made, and mixtures of these several qualities are sometimes 
superior to either quality separately ; various mixtures are some- 
times prescribed when iron of particularly good quality is 
required, but the telegraph engineer seldom if ever requires 
very lai^e castings, and in any case it is as a rule better to 
state the degree of excellence required, and test the iron actually 
supplied, leaving the attainment of the result to the smelter or 
founder. The use of the hot blast economises fuel, but affects in 
a marked degree the properties of the product; the most usual 
temperature for the blast is 600'' to 700* F., it is often 1000* R, 
and has exceeded 1600* F. The quality of iron smelted with 
the hot blast is on an average about the same as that smelted 
with the cold blast ; No. 2 hot and cold blast are about equally 
good, but No. 1 cold blast and No. 3 hot blast are superior to 
No. 1 hot and No. 3 cold respectively, the ore and fuel being 
the same in both cases. The quality of cast iron is improved up 
to a certain point by rep eated fusion, and by being kept in a 
state of fusion; Sir W. Fairbaim's experiments shewed an 
increase of transverse strength tip to the twelfth melting, the 
bars were one inch square in section, and about four feet long ; 
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thfi breaking weight at tbe (tommencement was 403 lbs., aftn' 
, the tweiah raeltiug it wna 725 lbs., after tbe thirteenth 671 Iba^ 
after the fifteeuth 391 lbs., and aJter tbe Beventeeath only 330 
lbs.; when fractured the metal appeared changed, resembled in 
fi-actiire cast steel, and ita resistance to pressure hod double^' 
Iron after half an hour's fusion had a tenacity of I7,S43 lbs. p«r 
square inch, and a density of 7137 ; the Euime iron kept in fiidoa 
two hours hod a tenacity of 34,49G lbs., aud a density of 7'S79,, 
The results of some experiments made in America vere : Uitt 
tensile strength wna raised fi-om U,000 Iba. and 11,000 Iba. par 
square incli, to 35,786 and 45,970 lbs. respectively, by tlim 
meltingR—tJio degree of improvement doubtless depends en 
the composition of the iron. Other processes are employed' 
to improve tbe quality of tbe iron for particular purposea — 
TOUGHENED CAST IRON is mado by mixing with ordinary cast iron 
from one-fourth to one-aeventh of ita weight of scrap iron. 
Malleable cast iron is made by heating castings made in ths 
ordinary way, but preferably of certain qualities of iron. iB" 
contact with a ground bKmatite ore pounded iron stone, amitlij' 
scales or other similar substance which absorbs carbon ; the 
castings are embedded in the powder, graduitlly niised to a 
bright red heat, kept heated, and then gradually cooled. 
Powdered btematite ia usually preferred ; the process takes 
twenty-four hours to raise tbe temperature, twenty -four hours 
to cool the furnace, and the heat ia maintained three to five 
days : tbe thinner castings are converted quite through, the 
thicker for some depth ; the tenacity is said to exceed 48,000 
lbs. per square inch, and tbe thinner castings can be bent and 
torn. The iron is converted into a soft kind of steel, but has 
not the strength of malleable iron, by reason of the absence of 
fibre given to tlie latter by rolling, hammering, &c. ; these 
malleable castings are used very extensively for post fittings, 
their only disadvantage, as compared with soft cast-iron castings, 
is their greater cost. 

297. Although repeated fusion is beneficial the metal is seldom 
in practice melted more than thrice, and in tbe majority of cases 
only twice. Common rough articles are cast in open sand moulds, 
but when tbe casting is required to be strong it is cast vertically, 
under pressure, and with a bead, which is broken off when 
cooled. The head contains any air bubbles present, and by 
casting under pressure the iron fills the mould better and its 
density and tenacity are increased. An experiment on the 
comparative density and tenacity of rough pigs cast hori- 
zontaily, and a moulded bar cast vertically gave the folloinDg 
results ; — 
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Tenacity. 


Density. 


14,481 


7-004 


16,424 


7085 



Kough pigs cast horizontally, 
Bar cast vertically, 

Different qualities of iron shrink differently in cooling, castings 
should therefore be of uniform quality throughout ; when this is 
not the case the surface of the casting is uneven, and it is inferior 
in strength. The shrinkage in cooling from the melting point 
is on an average about ^^ in each dimension, or ^inch per foot, 
and patterns have to be made larger than the object required in 
this proportion. If castings be cooled suddenly they are rendered 
brittle and sometimes break spontaneously before leaving the 
foundry ; hence to avoid unsafeness from internal stress castings 
should not be removed from the moulds until cooled to within a 
few degrees of the temperature of the air, and open sand cast- 
ings should be covered with sand to hinder too rapid radiation. 
Great inequalities of thickness should be avoided in designing, 
in order to ensure that each part shall cool at the same rate; 
when the rate of cooling has been unequal at different parts, thus 
causing internal stress, the iron is said to be hide bound. Anneal- 
ing has the same effect as slow cooling, provided the heat be 
sufficiently intense to affect the cohesive foixje. Air bubbles are 
tested for by ringing the casting over its whole surfiEU^e with a 
hammer. 

298. The temperature of fusion varies with the quality of iron, 
and authorities differ widely; about 2,800*^ F. is accepted as an 
average for qualities of iron in common use. In experiments 
tried by Sir W. Fairbaim, No. 2 iron decreased and No. 3 
increased in transverse strength up to 600° F. ; the strength of 
No. 3 was reduced by one-third by raising the temperature to a 
red heat; below 32® F. cast iron is more brittle. The co-efficient 
of expansion for 1° F. at ordinary temperatures is 00000617, 
and the expansion between 32'' and 21 2"* F. is 00111. 

299. The strength of cast iron is affected by the size of the 
casting ; in thin castings the external portion is stronger than 
the interior, but in thick castings the rate of cooling being slower, 
the outer part is in a measure annealed, and this difference is less 
(unless chilling be resorted to); hence the tenacity, transverse 
strength, and density of thick castings is less than that of thin 
ones. If the iron be highly decarbonised, large castings have a 
tenacity nearly 5 per cent, above that of sniall castings, for in 
this case the skin has less value and the larger casting is more 
homogeneous. In consequence of the existence of the skin, the 
modulus of rupture in tiie same kind of iron differs in value 
accordingly as the bars be broken transversely as beams, or torn 
asunder as ties; the transverse strength differs with tSiA l<:srQ2k. ^ 

O 
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cross section from equality to about two and ft quarter times the 
tenacity ; for when strained transveraely the intensity of stress ia 
not uniform over the Trhole section, its masimnm iat^naity is in 
jiarts of the Bkin, but the direct tenacity ia obtained by a mora 
uniformly distributeii atrese, the central &nd consequently the 
weakest matter suffering the more intense load. The iiltuna.te 
tenacity of cast iron varies from little over 4 tons to rather more 
than 15 tons per square inch; average qualities offer a resi»tAnce 
of about 7 to 7 j tons, inferior qualities as low as 5 tons, and for 
particular purposes, as for casting guns, 10 tons is the minimuiu 
tenncity admitted. Toughened cast iron has a tenacity varying 
between lOj and IIJ tons. The roaistaace to pressure oSered 
by cast iron varies between about 30 tons and nearly Co ton& per 
square inch; on an avoi-age in practice it is about 50 tons. The 
ratio between the tenacity and resistance to crushing in seven- 
teen esperimeots tried by Mr. Hodgkinson vailed between 1:6'T 
and 1 : 4-5, the mean being 1 : 5'66; it will be seen on comparison 
of the figures given above that the average resistances to com- 
pression and to tension are not related in this ratio-, from Hr. 
HodgkiuHon's tables the ratio in tliB caao of Cof.I-Talon No. 2 
appears to have been 1 : 4-337, and for Carron No, 3, 1 : 8-473, 
the mean being 1 : 6-59; the specimens were not necessarily from 
the same sample in each case. It is evident this relation varies 
with the quality of the iron, in practice it is of^n assumed to 
be nearly I : 6, The transverse strength varies, as stated above, 
accordii^ to the size of the casting and the form of section; the 
ultimate load of a bar 1 inch square in section, supported on 
supports I foot apari,, and loaded in the centre, varies between 
about 1800 lbs. and 2500 lbs. A simple approximate formula 
is: — A h&r 1' x 1' x I' breaks with 1 ton in the centre, this b 
about the mean. Strained transversely the deflection varies 
with the quality; the deflection of hard white in to that of 
whitish grey as 1 : 1-5, and of hard white to soft grey as 
1 : 2-224. The resistance to torsion is very variable, rangii^ 
from between 300 and 400 to 900 foot-pounds, the rod being 
cylindrical in section, the average may be assumed in practice 
as about 700 lbs.; a permanent set of half a degree is given with 
about seven-tenths of the ultimate load. The resistance to 
shearing is about 27,700 lbs. per square inch, it is sometimes 
stated as high as 32,500 lbs. The density of cast iron varies 
between 6-9 and 7-4, the average being about 7-11; a cubic foot 
weighs from 431 lbs. to 461 lbs., the average being abont 444 
lbs. ; the strei^h and hardness increase generaUy -with tiie 
specific gravity. The proof load is about one-third of the nlti- 
m&te load. The usual factor of safety for bridges ii 6; when 
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the load is entirely a dead one 4 may be used. Cast iron is 
superior to wrought iron in its resistance to crushing, and it is 
hence better suited for use as pillars and struts; with a limited 
load it suffers greater strain and set than wrought iron (Para- 
graph 313). Its modulus of elasticity varies between 14,000,000 
and 22,900,000. Its modulus of resilience may be calculated from 
the above data by means of the formula given in Paragraph 57. 
It is inferior to wrought iron as bolts, rivets, <kc., offering rather 
more than half the resistance of wrought iron to shearing; it is 
less suitable for use as ties than wrought iron, by reason of it 
being so inferior in tenacity. As pillars, cast iron is only 
superior to wrought iron when the length is so limited as com- 
pared with the diameter that there is little tendency to bend, 
and the effect of inferior tenacity is compensated by the superior 
resistance of the material to crushing; assuming the intensity of 
the ultimate resistance to crushing to be 80,000 lbs. per square 
inch, Professor Gordon has shewn — when the diameter of a 

pillar is -npT^. ^^ ^^ length, cast and wrought iron are equally 

strong, but in a proportionately longer pillar wrought iron, and 
a shorter one cast iron, would be the stronger respectively 
(Paragraphs 76 and 77). In telegraph poles cast iron is used 
for the base segments, for which it is better suited than wrought 
iron, as it is less liable to corrosion; it is used thicker than wrought 
iron from necessity to give sufficient strength, and such extra 
thickness is less costly than an equal thickness of wrought iron 
would be; as a rule, the base segments are far below the above 
limits of comparative length, even in the largest masts the cast 
iron basement tubes rarely exceed 24 feet, of which half is 
embedded in the ground. Long pillars of cast iron are used 
in towns, they are usually much stronger than requisite to carry 
the load, extra metal being used for the sake of appearance, but 
such pillars should be tapered to reduce their weight. 

300. Cast iron for engineering purposes should be sounded for 
air bubbles, the skin should be continuous, the surface smooth, 
the edges sharp, and the iron soft enough to be indented when 
struck on an edge with a hammer; the fracture should be light 
bluish-grey, with a metallic lustre, and uniform in colour, excepting 
near the skin, where it may be lighter. If the fracture exhibit 
a mottled sur&ce with patches of darker, lighter, or crystalline 
iron, the casting is not homogeneous and is unsafe; the texture 
should be uniform and close-grained. Cast iron is very generally 
used for brackets, caps or pole roofe, lightning dischargersy 
insulator hoods, and other fittings to wrought iron and wooden 
posts, for such purposes soft grey iron should be nsed^ and cooled 
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very slowly or annealed; direct strength is as a rule more than 
provided for, and brittleneas is to be feared. The iron used ia oa 
a rule soft, because it is only soft weak iron which is fiuid enough 
to fill the moulds ; but rapid cooling and faulty design has in 
some cases caused diatmat of the material and led to its super- 
ceEsion by the more expensive material malleable cost iron. In 
castings, abrupt iliiferonces of thickness and sharp shoulders 
should be avoided, as the castings are rendered weaker thereby 
and fail as a rule at such parts. Malleable cast iron is used for 
fittings; from its greater strength it may bo used in light hollow 
forms, and heace such malleable castings are much lighter than 
castings for the same purposes of ordinary cast iron. 

301. Cast iron is less liable to con-osion than wrought iron, 
and the hard crystalline variety ia more durable than softer 
qualities. Sea water corrodes cast iron and converts it into a 
black friable substance; the exterior surface of the skin is usually 
coated with silicate of the protoxide of iron, which protects the 
casting; this protection is less in chilled castings, but this is an 
adclitionul reason for avoiding any rupture of continuity of the 

302. As cast iron varies so widely in quality, some means 
should be employed to ascertain the quality actually delivered 
by the contractor ; the several means usually employed are as 
follows ; — 1. Teat-bars are cast with the castinga, and the trans- 
verse strength of these bars tested by experiment ; 2. beams are 
tested by bending them under a weight or by hydraulic pressure, 
the load which bends them through f^ of the span is assumed 
to be half their ultimate load; 3. a small percentage of surplus 
castings are ordered, and the surplus number taken at random 
are tested to iracture. When possible the third is the safest 
mode, for small articles the first may be the only mode admissible. 
With posts required in considerable number the third mode 
should be adopted; brackets &c., may be tested ior brittleness 
by the hammer or file, or by letting a weight fall on them from 
varied heights, and by examination of the BUi-&ce of fracture. 

Division II. — Malleable Iron, 

303. Malleable iron is the purest iron, its only essential con* 
etituent is iron, and it is in general higher in quality the nearer 
it approaches to pure iron ; in practice it is never absolutely pure, 
it contains minute proportions of the impurities mentioned in 
Paragraph 295, and the carbon is never entirely eliminated. 
The kind of fuel used in refining and in smelting the cast iron 
influences the quality of wrought iron ; iron smelted yritii ohus 
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coal is purer than that smelted with coal or coke, by reason of 
the absence of impurities (particularly sulphur) derived from the 
fuel ; but in England coal and coke are used in smelting almost 
exclusively, the supply of charcoal being too limited to admit of 
its use ; hence, for steel making and for special pur|K>ses, purer 
charcoal iron is imported, principally from Norway, Sweden, and 
Russia. The specific gravity of malleable iron varies between 
7 '5 and 7*858, the nearer it approaches the latter value, the better 
its quality as a general rule ; in practice it is usually nearer to 
the latter than to the former, and is commonly assumed as 7*68 
or 7*69 ; in Mr. Elirkaldy's experiments the limits were 7*5 and 
7*8 ; it is seldom less than 7*6. A cubic foot weighs from 468 to 
490 lbs., and is on an average 480 lbs. ; the last value is generally 
employed in practical calculations. Malleable iron difiers from 
cast iron in heaviness, in being more or less fibrous in texture, 
compai-atively infusible, superior in tenacity, and inferior in the 
resistance it offers to pressure. It cannot be melted and cast, 
but at a high temperature it softens, when it may be fashioned 
by forging, and two pieces brought together may be welded into 
one, provided the surfieices placed in contact are clean ; by this 
property malleable iron is distinguished from most other metal, 
for as a rule metals when heated pass directly frt>m the solid to the 
fluid state without assuming the soft condition necessary to 
admit of welding. Malleable iron is, as its name implies, malle- 
able ; it is ductile and tough, hence it is suited to resist shocks, and 
it does not fail without first exhibiting an alteration indicatmg 
that its elasticity has been overcome ; the precise point at which 
it begins to yield under pressure is, with the softer varieties, very 
difQcult to ascertain. It is softer than cast iron, and more liable 
to corrode. If highly heated and suddenly cooled it is rendered 
harder, its tenacity is increased, but it is rendered less suited to 
resist shocks, if very slowly cooled it is rendered softer ; these 
effects are less the purer the iron, and considerable when the 
iron contains a relatively large proportion of carbon (nearly 
one quarter per cent). Malleable iron is manufactured from cast 
iron by processes having for their objects removal of the excess of 
carbon the latter material contains over that contained by the 
former, and a bestowal of a fibrous and homogeneous structure 
by working, as hammering, rolling, squeezing, &c Much in- 
genuity and learning have been displayed in attempts to get rid 
of the other matters contained in cast iron, particularly those 
most prejudicial and most frequently present— viz., phosphorus 
and sulphur; but although these are in part eliminated by ^e pro- 
cesses actually employed, the only sure mode of preventing their 
presence and thus obtaining the highest degree of excellence in 
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the product, IB to avoid the use of ores aud fuel contauiing t 
8S constituents. 

304. Tlie procexses most generally employed for removing tlM 
carbon are the old itrocesa of fniddli/ig, find tJ)P Bessemer proceaaj 
in both the carbon is oxidated by af^itation of the melted mBtnl ii 
contact with ftir, the carbon of the cast iron combines widi tin 
oxygen, and leaves malleable ii-on, mixed 'with more or less oiidtt 
of iron and cinder, vhieh are expelled from the muaa liy the after 
proceEsea of working it at a high temperature. The caet iron used 
for conversion is white pig iron, termed forged pig, this vtmetf] 
being unsiiited for castingii. The pi-ooess of pud<iling is divided 
into two processes — the first termed refining, the second puddling; 
these processes are carried on either in diilerent furnaces, or in, 
immediate succession in the same famaco, termed a baling Jkr^ 
TUKS, the operation in the latter case being termed pig boUlnfj 
The process of refining consists in the removal of a qiuuititydt 
the carbon and earthy matter by the action of a blast of air furoAA; 
throogh the melted metal, by which a portion of the u-on aa^ 
much of its contained carbon are oxidised ; tJie metal is mn into 
a ahallow mould, water is thrown over it, whicli by osidising 
another small portion ofthe iron assists in removing the impurities, 
the metal is stirred to assist the process, and the cinder floats on 
its surface. The refined metal when cooled is broken into pieces, 
placed in a reverberatory furnace, termed a puddling Jumace, i or 
5 cwts. of metal being treated at a time ; the current of air acts 
on thesurface of the metal only, the puddler continuously agitates 
it to expose successively different portions to the decarbonLsing 
action; when the greater portion of the impurities have been 
eliminated the metal thickens, its melting point being raised, a 
spongy mass of metal collects on the hooked bar used as a stirrer^ 
this mass increases until sufficient has been collected to form a 
ball or bloom, this bloom is placed ou one side and others collected, 
until from five to eight have been obtained ; the yield is nearly 
!)5 per cent, of the metal charged. The white liot bolls &om the 
puddling furnace are ahinrjlcd to remove ciuder and condense the 
moss; this process consists in hammering or squeezing for about 
half a minute, and the puddle ball is thereby transformed into a 
cylindrical bloom. The bloom is then rolled- — it passes through 
nine or ten grooves graduated in size, and is thus rolled into a 
flat bar ; this bar is cut into lengths, it is termed puddle bar, and 
its quality Vo. 1, or once rolled. Several bars heated and rolled 
into one are rolled in the rolling mill into bars of vnriana foma 
of section, these cut into lengths ore termed merchant biLFa No. 3 
from having been twice rolled, and in commerce common bar iron. 
Id the puddling furnace sometimes difierent salts are added to 
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assist in eliminating sulphur, phosphorus, and silicon ; steam is 
used for the same purpose; powdered haematite and sometimes 
lime are added to assist the process. In the Bessemer process 
the cast iron is melted and poured into a suitable vessel, termed 
a converter, air is forced through the molten metal from the 
bottom of the vessel ; the oxygen of the air combines with the 
carbon of the cast iron, and the evolution of heat consequent on 
this combination serves to keep the iron in fusion, and to so 
raise its temperature that it continues fluid during its transi- 
tion &om cast to malleable iron without the application of 
extraneous fuel; the decarbonisation having reached the required 
point ^which is indicated by the appearance of the flame issuing 
from the converter, and by the time occupied,, or may be tested 
by casting small trial ingots), the metal is poured from the 
converter into ingot moulds. The shingling and rolling are 
performed on these ingots as in the case of puddled balls, but 
Mr. Bessemer employs somewhat diflerent machinery ; in parti- 
cular he hammers or squeezes the metal while it is enclosed, so 
that it cannot expand laterally, it being hammered or squeezed 
into dies or suages instead of between flat surfaces, by which 
means it is pressed more eflectually into a dense homogeneous 
soUd. To form a large object of wrought iron, a number of bars 
are heated and forged or rolled together; for very large forgings 
a vast number of bars must be piled together, and not only is 
there danger of the forging containing Assures, but the iron is 
damaged by the overheating. The Bessemer process offers great 
advantages in this respect, for instead of building up a large 
object of blooms of 70 or 80 lbs. each, a large casting containing 
the requisite mass of metal can be run, and this wrought to the 
shape desired; as no extraneous fuel is used, as in puddling, 
there is no fear of additional impurities being derived frt)m this 
source. The process of conversion occupies about thirty minutes. 
Besides the above other processes are employed, but .less gene- 
rally, to produce the same result; many inventors have proposed 
to use steam to decarbonise iron : it has been tried in many ways 
and its use abandoned ; but the Galy-Cazalat process is said to be 
successfully applied in France. This consists in the use of super- 
heated steam, the steam is forced through the molten metal, it is 
decomposed into its constituent gases, the oxygen combines witli 
the carbon, and the hydrogen with the sulphur of the cast iron. 
In Heaton's process salts are added to the melted metal, the 
principle of their action is the same as in other processes, they 
part with their oxygen, and this oxygen decarbonises the iron. 
Malleable iron is aJso made by direct reduction of the ore ; this 
process is, however, only applicable to very rich pure ores. 
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305. Wrought iron ia fasbioncd into the Bhapes and size* 
required by forging and rolling, tho two opera tiona are 
eaaentinlly the same, but are performed in a diSereut manner; 
the iron ia heated to the welding tempernturc and thea 
fashioned, in the one process by the hammer, in the other by 
passing it between rollers either simply cyb'ndric-ttl or having 
grooved surfacea, ft number of pieces being piled together, heated 
and forged or rolled to form the required mass. Repeated 
beating and rolling or forging, up to a certain number of 
repetitions, improves the quality of the material, increasing its 
toughness ; it is therefore a common practice to heat and work 
the iron RC^'eral timen in the rolling mill to improve its quality; 
Buoh iron is distingiiished as iert, beet best, &c, each "'best" 
signifying an additional working and a higher price. Cast 
nnhammercd ingots of Bessemer iron have a mean tenacity c^ 
18-112 tons, this tenacity ia increased to 30'5 tons by rolling into 
boiler plate, the ratio between these ia 23 : 38 ; the improTement 
due to this cause is however limited. In a aeries of experiment! 
made by Mr. Clay the improvement continued to the sixth 
working; at the commencement the puddled bar had a tenacity 
of 43.904 lbs., nfter the sixth workin- if had iiicrenaed to (!!,8l'4 
Iba., and after the twelfth working the tenacity was the same as 
at the commencement. It follows from the above that iron 
required to be much worked in fashioning should not be selected 
■from those kinds which have already been much worked, and 
iron of good quality should be heated as few times as is con- 
Biatent with working it at a proper temperature, such iron 
having already (as a rule) been improved to its maximum. In 
large forgings the tenacity is reduced by the overheating, and 
by the size of the mass operated upon being such that the effect 
of the working does not extend through the whole mass. The 
tenacity is reduced by these causes one-fourth,' sometimes more, 
below that of the bar iron employed. Bars of small section 
are as a rule stronger than those of large for the above reason. 
If iron be hammered too cold it ia rendered brittle, this should 
therefore be carefully avoided. Large masses rolled or ham- 
mered are very slightly inferior in strength in the centre, the 
effect of the working being less there than at the exterior ; 
therefore as a general rule it is better to forge down a bar than 
turn it down, and when the bar has to be much reduced at any 
part, the work wilt be stronger if it be reduced partly by forging 
and partly by turning, than if wholly reduced by turning. 
Although hammering hardens the metal super Qcially, the value 
of the hardened skin is trifling compared with that of cast iron. 
Mr. Kirkaldj states the prevailing opinion of a rough bar being 
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stronger than a turned one is erroneous, but this must depend 
on the size of the specimen from which the bar is turned ; for 
Mr. Kirkaldy admits the additional hardness of the skin of the 
rough bar, and it follows that if this skin be turned off the 
turned bar will be weaker in proportion to its area than the 
rough bar ; this conclusion is in accordance with the admitted 
&uct that hammering hardens the metal superficially, and is con- 
firmed by the results of Professor Rankine's expeiiments on forged 
and turned journals. Iron rolled cold has its density decreased ; 
its tenacity is increased, as in the case of hammer hardening, 
by it being rendered hard and brittle ; wire-drawing produces 
the same effects. Boiled bars are slightly hardened by forging 
down. Repeated working renders iron more homogeneous and 
constant in quality ; there is therefore less difference in strength 
between bars of high than between bars of low quality, and in 
low qualities there is greater difference between large and small 
bars. Iron is injured by heating to the welding heat, unless it 
be rolled or hammered while heated ; if quenched in water when 
hot it is rendered more elastic, tenacious, and brittle, but the 
degree to which this effect is produced is influenced by the 
quality of the iron, particularly as regards the proportion of 
contained carbon. Both in rolling and forging the manner of 
piling the bars together to form the mass influences the value of 
the result ; thus a forging built up of small bars is more likely 
to be sound than if a very few large bars be employed, for the 
liability to extensive fissures consequent on imperfect welding is 
less in the former case. If the bars be piled all in the same 
direction, the strength of the forging bar or plate will be greater 
in the direction the bars are piled than at right angles to this 
direction ; thus when strength in one direction is required the 
bars are piled in this direction ; when the strength is required to 
be as nearly as possible equal in all directions, as in plates, the 
bars are placed together in layers, those in each layer being 
placed at right angles to those in the layers above and below it. 
A fibrous texture is produced by rolling, the fibre is in the 
direction of the rolling, and the tenacity is usually greater in 
the direction of this fibre than at right angles to this direc- 
tion ; but in plates, if the bars are properly piled this difference 
is very small ; although M. Navier observed a difference of 10 
per cent., Sir W. Fairbaim found the strength in the two 
directions almost equal. In large forgings the fibre is in the 
direction the bars are piled, and this difference is very marked, 
amounting to upwards of 6 per cent. ; in this case it is seldom 
possible to arrange the bars as is done in the case of piling for 
plate rolling. The ductility is greater in the direction of the 
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fibre, nnd the mediftnicul properties apppflr to be more constant 
in this direction than ia a direction at right anglea to it. Tha 
product is more certain in its properties, and more equal in 
strength in different directions when made from the ingot, sia 
-when Bessemer metal ia used, than when made from small burs 
or scrap iron, and the riak of overheating is dimiaished, if not 
quite removed. Small-aiied bars are more tenaciona than platea ; 
thi» difTerence is as maoh as 14 per cent when the bars are 
under about three inches ; it may be due to the fibre being pro- 
duced by the piling and rolling being in the same direction. 
Hot rolling decreases the density of some qualities and increases 
that of otheiB, 

306. Common plate iron is rolled from the bloom, and is very 
infeiior in tenacity to the superior plate, frequently one-third 
less. The best plate is rolled from No. 3 iron, the bare being 
piled an equal number in the directions of the width and length ; 
the plate is extended by rolling only in one direction, that of its 
motion, hence to increase the width it mast be rolled sideways. 
Bars are rolled of different sections by means of suitably shaped 
grooves on the rollers, but a limit is set to the complexity of 
the foi-m of wction, for when the ii-oii ia much disioi-ted ii3 
strength is impaired. Complex sections are difficult to roll, 
because the strain is different at different parts of the section 
during the rolling ; this tends to tear one part of the bar from 
the other, and thus injures the iron. There is also risk of un- 
soundness when angle bars and plates are rolled exceeding an 
inch in thickness; hence complex forms and thick masses are 
preferably built than rolled entire. Bars or strips are not as a 
rule rolled wider than inches. Plates less than •^'' in thick- 
ness are commonly termed sheet iron. When plates are required 
to be wider than 4 feet, longer than 15 feet, or heavier than 4 
cwts., an addition is made to the price; but tliey are rolled np 
to 7 feet wide, 30 feet long, and 60 feet in area. 

307. Assuming the iron to weigh 480 ll>s. per cubic foot (a fair 
average for rolled iron), a plate 1 inch thick weighs 40 lbs. per 
superficial foot; the weight being proportional to the thickness, 
the weight per foot for any other thickness expressed in inches 
may be readUy ascertained — e.ff., plate J" thick weighs 5 lbs. per 
foot, &c The weight of bars per yard run may also be readily 
ascertained, for 1" x 1" x 1 yard = 36 cubic inches = 10 lbs. ; there- 
fore ten times the area of transverse section in square inches, 
is equal to the weight per yard run in pounds— the same rule 
manifestly applies to wires. 

308. Welding is easier performed on soft iron containing very 
litt/e carbon than on the hard steely qualities. Mr. Kirkaldy 
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fonnd the tenacity of joints in bars cut and welded varied 
between almost equality with the uncut bar, and one-third less. 
Professor Bankine states, in an experiment on the bursting of a 
cylindrical plate-iron welded retort, the tenacity of the weld was 
estimated at probably three-fifths of that of the plate. In some 
experiments described by Mr. Anderson, the object of which 
was to compare welded joints in iron of different qualities, and 
to compare such joints made in different ways, the results were 
AS follows : — In soft iron of the best quality with scarfed joint the 
strength of the weld was equal to that of the bar; with harder 
qualities the strength of the weld was in every case less than 
'diat of the bar ; and in the worst example, the iron being very 
liard and steely, the weld had less than one-fifbh the strength of 
tiie bar. Butt welds were found weaker than the scarfed welds. 
In all cases the surfisuses of the joint were rounded in order that 
oxide and other superficial impurities might escape. Mr. Ander- 
son attributes the weakness of the welds in the harder qualities 
to the steely property or the presence of carbon. It should be 
remarked, that steel containing less than 1*5 per cent of carbon 
can be and is commonly welded, both to steel and iron, without 
other precautions than avoidance of such exposure to a high tem- 
perature as would bum the steel, and the union in these cases 
appears perfect ; hence, with such precautions, it would appear 
hard iron can be well welded, but the welding, as in the case of 
steely is difficult and uncertain, the metal being so readily burned. 
Only workmen used to the process succeed in welding steel. 
Plate welding has been proposed instead of riveting ; but 
although successful so far as the strength of the joint is con- 
cerned, practical difficulties have prevented its general adoption 
— the welded joint can be made nearly if not quite as strong as 
the plate. Plate welding is, however, used in preference to 
riveting for some few purposes, and no doubt with great advan- 
tage. In welding and all operations in which the iron is heated 
to welding heat, the fuel used should be as free from sulphur as 
practicable, and not of a kind to form clinker on the iron ; for 
small occasional operations, such as mending or repairing tools, 
dense charcoal is probably the best fuel. 

309. Sir W. Fairbaim found the tenacity of boiler-plate was 
not appreciably diminished at a temperature of 395° F., but at 
a dull red heat it was diminished by about one-fourth. The 
tenacity of good rivet iron (the toughest and most ductile 
qpality) increased with elevation of temperature to about 320^ 
F., at which point it was about one-third greater than at ordi- 
nary temperatures; beyond this point it decreased, and at a red 
heat had fiillen to rather more than half it& ot\^^s^ ^^x^^. 
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Difference of opinion exists concerning the effect of subjection 
to low temjioratarea, it is generally supposed that iron is rcn- 
ilered more brittle. Mr, Kirkoldy found tbe ultimate tenacitj 
reduced ut 32° F., but the difference waa less when the load was 
applied gradually than when applied suddenly — i.e., the iron was 
rendered brittle. At the loweat natural temperatut'es of tem- 
perate climates this effect is too minute for practical con si deration. 

310, The co-efficient of expansion of malleable iron is greater 
than that of cast iron, it varies iu different qualities; the linear 
e]i]Kinaion between 32° and 212° ia variously stated between jj^ 
(Dulong and Petit) and ^^ (Tronghton); in the latter case 
thread from, the drawplate was used, and the result favours tha 
aasumption that the co-efficient for thin wire is higher than for. 
bars and plates. Smeaton's obsorvationa gave tJt. aJid those of 
Lavoisier and Lajilace -gYsi ^^^ ^'^ "^ ^^^ latter case is stated 
to have been "soft." In practice the value commonly assumed 
ia jf^ = -0012, or -0000067 for one degree; this value in somewhAt 
below the truth. 

311. Jlercury does not act on iron directly, hence it is kept in 
iron vessels. There ia great affinity betwo'-ii iron and gold ; for 
small delicate work gold is recommended as better than copper 
for soldering iron. Tin and iron readily form an alloy, and 
melted tin is a powerful solvent of iron, one part of tin being 
sufficient to cause the fusion of five parts of iron at a much lower 
temperature than would be sufficient without the tin. The jjossi- 
bility of alloying iron and zinc has been disputed; MM. Dumaa, 
Berthier, Karstcn, and others contend that such alloy is possible, 
■whereas M. Thenard and others deny this possibility; the metals 
are found naturally alloyed, and iron ia a common impurity in 
zinc. The evidence appears iu favour of the possibility, but no 
doubt the affinity between the metals is very slight indeed. 
The alloys of iron are not used in the arts, but iron alloyed 
superficially with tin is very common, as is also iron covered with 
zinc; from the difference between the affinities of these metals 
for iron, it appeal's probable zinc should impair the strength of 
iron less than tin, zinc-covered (galvanised) iron should be pre- 
ferred therefore where strength is desired. Mr. Kirkaldy found 
no sensible effect was produced by tinning or galvanising on 
the strength of iron plates ■f'^" to |' thick, very thin plates are 
probably weakened by tinning, and in a less degree by galvan- 
ising. Tinning ia performed by immersing the plates in 
melted tin after cleaning them with very weak solution of 
sulphuric and muriatic acids, heating them to redness, and 
scouring them with sand. Galvanising is performed as follows: 

— the iron is first pickled in & solution of sulphuric acid, it 
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18 then dipped into a solution of chloride of zinc, dried, and 
finally placed in a bath of melted zinc covered with fused 
chloride. The articles should remain immersed until the tem- 
perature of the bath is the same as before their immersion, they 
should then be removed, and subsequently well washed in a 
solution of soda to prevent corrosion by adherent chloride of 
zinc. Sometimes a simple bath of solution of muriatic acid is 
used to clean the iron, but the result is inferior. An excellent 
mode of galvanising is to immerse the clean iron in a solution of 
a compound of oxide of zinc and potash, and deposit the zinc on 
the iron in the usual way by means of a battery. It should be 
remarked that metallic coatings preserve the iron only so long 
as they are continuous, when they become discontinuous they 
hasten oxidation; hence galvanised wire should be well covered, 
and in making joints in galvanised wire care should be taken to 
re-cover with tin any part denuded of zinc. 

312. The softer and more fibrous qualities are more readily 
corroded than those harder and more crystalline. Vibration has 
the eiSect of reducing the liability to corrosion, therefore in store 
iron is more liable to corrode than when in use. When corrosion 
has commenced at any part it spreads rapidly, probably by reason 
of a galvanic action between the rust and iron. Before painting 
iron the rust should be scraped off, excepting sufficient to leave 
a rough surface for the paint. Iron cells and other closed struc- 
tures rust less rapidly in the interior if they be closed to prevent 
the contained air being frequently changed. 

313. An extensive series of experiments was made by Sir W. 
Fairbaim, to compare the stiffness or pliability of wrought and 
cast iron under various conditions of load; the results of these 
experiments were as follows: — For tensile forces not exceeding in 
intensity 7*5 tons per square inch the mean elongation of cast iron 
is about two and a quarter times that of wrought iron, the 
ultimate extension of the cast iron is about three times that of the 
wrought iron, and within this limit of load the set of the cast iron 
is considerably greater than that of wrought iron. Within the 
limit of 6 tons tensile load for cast iron and 13*5 tons for wrought 
iron, to produce equal elongations in cast iron and wrought 
iron, the loads must be as 1 : 2*25. When the intensities of the 
loads are 5*5 tons for cast iron and 12-5 tons for wrought iron 
per square inch, the sets and strains are respectively equal to 
each other; the ultimate strain of wrought iron per ton per 
sqtiare inch is about eight times that of cast iron, and the 
rdative ultimate strains of wrought and cast iron are as 26 : 1. 
In other experiments made by Mr. Lloyd with wrought iron 
having the^ exceptionally high average tenacity of 32 tQ\^ ^^c 
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square inch, the veliitire ultimate strains were as 130 : 1. "Wlien 
the iuttmBities of the loads exceed 12'5 taa» for wrought iron, 
iind 5'5 tona for caat iron, the set of wrought iron ia the greater; 
iind for loads exceeding in intensity 15 tons per square inch, the 
net of wTonght iron greatly exceeds the ultimate set of cast iron. 
In Sir W. Fiirbaim's experiments, when the intensity of the 
load w£is 15 tons per squAre inch the set was -6 of the fitrain, 
when the intensity was raised to 20 tons per square inch the sot 
was -917 of the strain. Mr. Kirkaldy fonnd the relation between 
the strain and stress varied extremely in different qualitiea of 
wrought iron, and to b. cousiderablo extent in specimens of the 
Bftme brand. The above results have great practical value, 
demonstrating the conditions which must be fulfilled when 
cast iron and wrought are combined to mutually assist each 
other in resisting a load. If cast iron and wrought iron be 
combined in u beam, the caat iron resisting compression and the 
wrought iron tension, the two materials do not act together, 
hence such beams are not used. If a cable tank of cast iron is 
to be strengthened by hoops of wrought iron (a common mode of 
making water timlta), if the wrought iron hoop wore put on cold, 
for loads less in intensity than 7'5 tona per square inch the 
intensity of the load on the wrought iron would be only four- 
ninths that on the cast iron; because, below this limit the load, 
on cast iron and wrought to produce equal strains must be as 
1 to 2-25, hence the wrought iron would be leas efficient than an 
equal mass of cast iron. If however, the wrought-iron hoops be 
shrunk on by being placed on hot, that by cooling they put a 
compressive load on the cast iron, then they are more uscfiil 
than an equal quantity of cast iron would be, and lightness as 
compared with a tank of cast iron only is practicable. Suppose 
the wrought iron to have a tension of 3 tona per square inch 
when the strain on the caat iron is that due to its working load, 
say 1-5 ton per square inch, the strain on the wrought iron will 
correspond to a load =1-5 x 2-25 = 3-375; this together with the 
original load of 3 tons would make the intensity of the load on the 
wrought iron 6-375 tons ; as the working load on wrought iron ia 
aboxit 5 tona this is too much, the best tension to put on the hoops 
is between 2 and 3 tons. The set of cast iron under the action of 
a load limited as supposed is much greater than that of wrought 
iron, but this can be allowed for in putting tension on the hoop. 
314. Some kinds of iron are red short, others cold short, the 
cauae of these peculiarities are stated above, Ked-ahort iron is 
difficult to work as it is brittle when heated, and this may prove 
A source of insecurity in some cases, but in general cold shortnesa 
j'a a more aerious defect, aa its canaequences are aQaToidabl& 
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315. The average strength of bars and plates of wrought iron 
as compared with cast iron is about as follows : — ^the tenacity of 
wrought iron is about three times that of cast iron, and the 
resistance of the former to crushing is about one-third that of 
the latter; but both materials differ very widely, and the above 
statement is a general one not given as applicable to particular 
cases. 

316. The tenacity and resistance to crushing of wrought iron 
cannot be compared in general terms with any pretence to 
accuracy, as there is great difficulty in determining the point at 
which the softer quaUties begin to yield to compression ; in bars 
and plates on the average the resistance to compression is roughly 
somewhat less than two-thirds the tenacity. In hard qualities 
the tenacity and- the resistance to crushing are both high, and in 
soft qualities both are low; annealing or other process which 
reduces the hardness and brittleness also reduces the tenacity, 
and vice versd. A high tenacity is not alone a test of good 
quality, for it may be accompanied by brittleness; the best 
qualities are not the most tenacious, they have a high ductility 
with the maximum tenacity consistent therewith, compared with 
some inferior qualities the tenacity may be low. Hard brittle 
iron is unsuited to resist shocks, difficult to weld, and readily 
weakened by punching rivet holes, hammering, &c., therefore 
although its tenacity is higher, for most purposes it is less reliable 
than softer qualities. There is much inferior iron in the market 
which has a high tenacity and low ductility; telegraph wire has 
usually a low tenacity compared with ordinary hard wire although 
usually dense and fine in quality, the wesdoiess being due to 
extreme softness. Mr. Kirkaldy was led by results of his 
experiments to consider the contraction of area at tlie section of 
rapture an essential element in estimating the quality of iron, 
from experiment on its ultimate tenacity; and that this area is 
an important element indicating the degree of ductility is gen- 
erally admitted, but its precise value or significance is not per- 
fectly known, as it is not determined to what extent it is 
influenced by other conditions than ductility of the iron, such as 
the shape of the specimen, &c 

317. Some authorities consider iron is altered in texture and 
rendered brittle by being subjected to vibration and repeated 
shocks, although the strain may not exceed the proof strain. It 
is known that repeated applications of a load exceeding the proof 
load ultimately produce fracture, and it is contended therefore 
that for shocks and vibration to cause brittleness the strain must 
exoeed the proof strain. The evidence on which it is concluded 
thai strootuial change takes place is somewhat iacQiLcluai^^iT^^\» 
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bciiif; founded on accurate cxporiment, but in a great n 
—jirslly, observation of the appearancea presented by the fractured 
surfucus of axles, shafla, cliajus, and similar objects ; aecondl}/, the 
fact that such objects fail after being in use for some years, tbe 
only admissible explanation of tbe failure being loss of Strength 
or deterioration of the material; and, thirdly, thefkct that annesl' 
ing \a found to prevent failure, the expUiuitioa of which is the 
production of a molecular change, au explanation in accordance 
with the results of conclusive experiments, annealing having been 
found to restore the strength of over-strained beams, plates 
Tveakened by punching, kv. Mr. Kirkaldy found iron firactured 
suddenly invariably presented a crystttUine appearance, when 
fractured slowly its fracture was invariably fibrous. He found 
the ajiponrance of the fractured siirfaces might be altered by the 
shape of the specimen, and by its relative Lardneas, accordingly 
as tbeso conditions rendered tbe iron more or less liable to fiul 
suddenly without stretching. In the fibrous fractures tho threads 
aro drawn out and clearly exhibited, the section of fracture is 
irregular ; in the crystalline fracture the fibres are broken across, 
they are viewed endwise, the section of fracture ia always at right 
angles to the axis of the bar, and. the contraction of transverse 
area at the section of fracture is less than when the load is applied 
gradually. Professor Kankine'a observations and tbe results of 
his experiments on journals of railway carriage axles are at vari- 
ance with Mr. Kirkaldy's experiments; the crystalline fracture was 
not invariably presented by axles broken by tbe hammer, some 
exhibited the fibrous and others the crystalline appearance. From 
the above it maybe concluded — 1. Iron should not be unnecessarily 
subjected to sharp shocks and violent vibration ; 2. when such is 
unavoidable, as in crane chains for example, the iron should be 
periodically annealed to reduce the risk of failure ; and 3. a 
crystalline fracture does not necessarily indicate absence of fibre, 
on tbe contrary, it is consistent with tbe fibrous texture, and may 
be due to the manner in which fracture was caused, 

318. The tenacity of malleable iron (not wire-drawn) varies 
between about 15 and nearly 33 tons per square inch ; both these 
extremes are exceptional. Twenty-five tons is commonly assumed 
as the average tenacity in practical calculations, but this is too 
high. Below 20 tons the iron is regarded as inferior, but, as 
already explained, the ductility of the metal must be taken into 
account, for the weakness may be due to insufficient working, 
bad metal, or merely to extreme softness ; on the other hand 
a high tenacity may bo accompanied by brittlenegs, and iron 
exceptionallv tenacious is generally hard and brittle. After 
compariag me principal authorities on the subject, the following 
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conclusions have been arrived at. Exceptionally bad qualities 
are excluded, and the strength is expressed in tons on the square 
inch : — Bars vary in tenacity between 18*4 tons and 29 tons, the 
average of the several qualities is about 24 tons ; Bessemer iron 
ingot 18*4 tons, worked 32*4 tons. Plates appear less variable, 
but their average tenacity is lower, it varies between 19 and 27*3 
tons, the average of many descriptions is 23*25 tons, or between 
3 per cent, and 4 per cent, less than the average of bars; in 
practice the average is lower, being between 22 and 23 tons. 
Bars are sometimes as much as 16 per cent, stronger than plates; 
in small sections they are about 14 per cent, stronger as a rule. 
In Bessemer iron the difference is less, boiler-plate has a tenacity 
of 30-5 tons, the difference between bars and plates is 6 per cent. 
The above figures relate to longitudinal tenacity. Plates are as 
a rule weaker loaded transversely, this difference is in general 
about 10 per cent., the average found by M. Navier; it is 
occasionally much less, it is probably less in Bessemer iron, but 
the author has not seen any records of experiments. The tena- 
city of specimens cut from crank-shafbs and other large forgings 
is greater lengthwise of forging than crosswise; the differences 
in Mr. Kirkaldy's experiments were 6*25 and 16 per cent. The 
averages obtained by several earlier authorities are higher than 
those given above ; the average of Mr. Telford's experiments was 
29 tons, but the ultimate elongation shews the iron to have been 
hard ; Mr. Brunei, in three sets of experiments, found the aver- 
ages to be 30*4, 32-3, and 30*8 tons respectively ; Mr. Bennie 
and Captain Brown both found the average near 25 tons. 
Forged iron in large masses varies in tenacity between about 15 
and 21 tons per square inch, the average is probably somewhat 
higher than the mean of these numbers. Bivet iron has the 
maximum tenacity consistent with a high degree of ductility ; its 
tenacity varies between about 26*5 and 27 tons. Bolts, thin bars, 
and high quality hoop iron, average about 29 tons. The tenacity 
of cable iron for chain making received from several factories, was 
between 20 and 24 tons (Prud' homme); a soft iron easily welded 
is used for this purpose ; the best English chains are made of iron 
of a quality similar to that of rivet iron. The strength of oval 
linked chain of this iron is about 15*25 tons, and of cable chains 
20*3 tons per square inch of section, the ratio between the num- 
bers being 7 : 9 nearly. 

819. The process of wire-drawing increases tenacity and hard- 
ness; but annealing restores the softness and reduces the tenacity. 
The relative tenacity of thin wire is, as a rule, greater than that 
of thick unless it be annealed. The following are some values 
obtained by or deduced from experiments, the wfre not having 
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been annealed after drawing; the strength is stated in tons per 
square inch: — 1" diameter, 36 tons (Barlow); -2" to -05" diameter, 
35 to 43 tons (Telford); wire for Niagara bridge, 45 to 46 tons; 
for Freiburg bridge, 50 tons; •126*' to "122" diameter, 49*1 
to 52-5 tons (Prud' homme); 31*75 to 57*15 tons (Morin); 31*25 
to 44-64 tons (Rankine); average 41*7 tons (Dufour); 47 tons 
(Vicat). The preceding table has been calculated from the cir- 
culars of three separate firms which manufacture large quantities 
of telegraph wire ; the numbers represent the contract ultimate 
tenacity in tons per square inch of section, the numbers heading 
the columns distinguish the several manufacturers. 

The iron used for drawing into telegraph wire is of good quality, 
commonly " best best," as a high degree of ductility is almost 
invariably specified; the tensile strength shewn in the table is 
lower than that stated for iron wire generally by some of the 
authors quoted, by reason of the softness of the iron. Charcoal 
iron was formerly more commonly used than at present for wire, 
but it is more expensive than " best best *' ordinary iron, and 
the latter is in general use. The average tenacity of hard wii*e 
is about 37 tons; that of soft wire between 24 and 25 tons in 
Nos. 2 and 3, and nearly 26 tons in No. 1. The quality of No. 
1 is very constant ; in Nos. 2 and 3 the strength varies, No. 3 
being the more variable ; constancy is probably an evidence of 
care in manufacture, partictdarly in soft wire. Hard wires less 
than '1" in diameter are somewhat stronger than larger sizes, the 
averages being No. 2, 38*3 tons, and No. 3, 41*4 tons. Sofb 
wires vary very little in strength, the averages are 24*75 and 26 
tons for the small sizes, the loss of strength by annealing these 
sizes beinff 35 pei* cent, and 38*5 per cent, respectively. The 
effect of ^.drenWing is to harden the iron and riise its tenacity 
from rather more than 24 tons to an average of about 37 tons 
per square inch, or nearly 50 per cent. ; for sizes larger than -l" 
diameter the increase is rather less, in smaller wires the strength 
is raised to about 40 tons. The effect of annealing is to reduce 
the tenacity of the wire to that of the original bar. There are 
variations in strength probably due to the mode of manufacture, but 
the maximum tenacity appears to be developed between about 14 
and 16 £. W. G. in Nos. 2 and 3; it is highly probable repeated 
working renders the iron weak after improving it up to a maximum. 
Hard wire differs considerably in tenacity, the extremes being. No. 
2, 34*09 and 40*34 tons. No. 3, 29*28 and 47*35 tons, the differences 
being 5*25 and 18*07 tons respectively; the differences for sofb 
wire are '66 ton, 7*09, and 8*73 tons respectively; probably 
with greater care in annealing Nos. 2 and 3 would be rendered, 
more constant^ for omitting two wirea in oi^ wiA V^ko^a \si^ ''^^ 
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other tlie differences are reduced 50 per cent. For hard wire n* ■ 
average tenacity can be assumed, nor can it be assumed in 
practice that a small size will be certainly proportionately 
stronger than a larger; but a tenacity of 24 tons per square inch 
may be safely assumed for good quality Bofl wire, and tbia 
tenacity ought to be maintained. A high degree of ductility 
18 a necessity in telegraph wire,' but there appears a needless 
sacrifice of streogtb in favour of ductility when the smaller 
sizes are used extremely soft Not only a minimum ductility 
but a minimum tenacity also should be specified, but care 
should be taken not to specify inconsistent conditiona Many 
engineers insist on extreme softness, others do not insist ou the 
thinner wires being thoroughly aauealed. It is evident fixim 
the above table that stranded wire if soft ts no stronger than 
solid wire of the same sectional area, but it is more costly and 
exposes a greater surface to corrosion, hence the single wire ia 
safer; but stranded wire if bard or only partially annealed is 
stronger than similar single wire equal to it in sectional area. 
It should bo remarked, that the above observations refer only to 
wire of the descriptions referred to in thi* tables^viz., of *' best 

320. The ultimate extension of malleable iron depends in a 
great measure on the relative hardness of the specimen ; a very 
soft specimen may elongate as much as 30 per cent., and a very 
hard specimen may elongate only 1 per cent. ; bars not excep- 
tionally brittle elongate from 13 to 30 per cent, before breaking; 
plates are less variable than bars; excluding bad qualities, the 
longitudinal extension varies between 4 and 17 per cent., the 
transverse extension is from 10 to 50 per cent, less than the 
longitudinal. In some of the highest quality plate-iron the 
longitudinal extension varies between 5 and 7 per cent. The 
ultimate elongation of wire varies between the most extreme 
limits stated above ; the hardest wire snaps without sensibly 
elongating, the softest will stretch 30 per cent. Annealed teje- 
gi-aph wire ia usually specified to stretch at least 16 to 20 per 
cent.; 25 per cent, is common in the soft wire commonly used. 

321. The resistance offered by malleable iron to crushing is on 
an average about 17 tons per square, inch; in practice it may 
vary about 1 ton more or leas from the average. The softer 
qualities flatten out, and their strength cannot be accurately 
determined. M. Kondelet found an inch cube bore 31 tons; Mr. 
Hodgkinson found an intensity of 9 to 10 tons per square inch 
produced a slight set, and 27 to 30 tons flattened the specimens 
through one-aixteenth of their length. The following results of 

experunentB made at "WooVwicb ttte ^iven by Mr. Anderson : — 
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Specimens cut from bars '15" to 2*5" square, 50 tons per square 
inch produced a set of about '25" ; a set of -003" was produced 
by 13*4 tons in one specimen, and between 14 and 15 tons per 
square inch in two others; three other specimens of iron required 
between 11 and 12 tons, and one 14-2 tons per square inch — the 
specimens were short cylinders -533" diameter and 1" long. The 
resistance of iron in the interior of large forgings was found to 
be less than the figures stated above ; 1 1 *5 tons per square inch 
was the average intensity of load required to compress the iron 
•003". Sir W. Fairbairn found the ultimate load of a hollow 
square pillar 8' long V 6" square, and made of plate -5" thick, 
to be equal to 13*6 tons per square inch; the tube failed by 
buckling. Malleable iron is seldom subjected to compression in 
such forms as to render the determination of its ultimate resist- 
ance to crushing of importance ; as a rule it foils by buckling. 

322. The transverse strength of malleable iron differs as widely 
as its tenacity. Mr. Kirkaldy found the constant (sti*ength of a 
bar 1 inch square supported on supports 1 foot apart and loaded 
in the centre) for Swedish bar iron 3473 lbs.; but plates are 
much weaker, and for ordinary plate beams the constant is only 
about two-thirds this value. The resistance of wrought iron to 
shearing is somewhat less than its tenacity ; in good rivet iron it 
averages about 21 tons per square inch. The torsional strength 
of wrought iron is commonly assumed to be 1000 foot-pounds per 
square inch; with the other mechanical properties of the material 
it varies very widely, and in practice is between 700 and 1000 
foot-pounds per square inch. 

323. A riveted joint has a less tenacity than the plates or bars 
connected, by reason of the reduction of sectional area by the 
rivet holes. The joint sectional area of the rivets should evi- 
dently be equal to the sectional area of the plate or bar after 
punching the holes ; in practice the rivets are frequently slightly 
larger than this rule prescribes. The tenacity of single riveted 
joints is about 13 tons, and of double riveted joints (the rivets 
placed zig-zag) 16 tons per square inch; or the tenacity of the 
plate being 100, that of a single riveted joint is 56, and of a 
double riveted joint 70. When the rivets are arranged in rows 
in the direction of the tension (chain riveting), the plate is not 
necessarily so much weakened, and the joint may more nearly 
approximate to the plate in tenacity; such joints may have a 
tenacity of 17*75 to nearly 21 tons per square inch. 

324. The resistance of iron to a bursting force is stated by one 
author to be 70,000 per square inch — t.e., its extreme tenacity ; 
it cannot exceed the tenacity, and if the vessel burst be thick 
compared with its lateral dimensions it may be i]Si^<^\L\^^&&« ^^^c^^ 
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intensity of preBsnr© in. pounds per squnre inch requirefl to burst 
B. thin itoUow cylinder is ubtaiued by mnltiplying tbe tenacity 
of the tnnt^rial in poiuids per Hqiiaro inch by the tLiclaiess <if 
the cylinder, and dividing the product by tbe nuUus; the ratio 
of thickness to wuiius to resist a. given pressure may be obtjuned 
from the same formula r the ultimate streas on the material is 
evidently equal to its tenacity or the tenacity of its jolntH. TLia 
formula applies to tanks for cables, boilers, and nil similar 
stnictiires in which tbe thickn«^sa is small compared with the 
diameter. The resistanoe of a spherical shell is twice that ofa 
cylinder equal to it in radius and thickness. The intensity of 
external press\ire necessary to cause collapse of a thin hollow 
cylinder with butt joints was found by Sir W. Fairluurn to bo 
inversely as the length, inversely as the diameter, and directly 
as tbe 2'19th power of the thickness; slight de]KU-ture from t^e 
circular section seriously impaii'ed the sti'ength, and when rings 
of angle or hoop iron were riveted round the tubes at intervals, 
their strength was raised to that of tubes equal in length to tbe 
distances between rings. The tiiickncss ( and diameter d being 
espressed in inches, snd the length or distance between tti'o 
rings I being expressed in feet, the ultimate resistance R is 

api>roximately R = 806,000 ^ 

325. The resistance of plates to bending or buckling under 
compression was found by Mr. Hodgkinson to vary nearly as 
the cube of the thickness, their other dimensions being constant- 
In Mr. Mallet's buckled plates great strength is obtained by 
making the plate convex in the centre, and surrounding it by a 
flat rim or fillet, which sufiers extension when under the action 
of a load the convexity in the centre is compressed ; they usually 
fail by being pressed flat at the centre. The working load varies 
with the 8<piaro of the thickness within the limits of "048" and 
■375". A plate 3 feet square, '25 inch thick, and having a con- 
vexity of 1'75 inch, bears 4-5 tons, and 3 tons, for steady and 
moving working loads respectively. 

326. The proof strength of wrought iron is about one-third of 
its ultimate strength ; the factor of safety for a dead load is 3 to 
4, for a live load 6 ; 4 is commonly employed in telegraph 
structures, hut as applied to the wire, in some cases, it is some- 
what too low, because the load is not entirely a dead load, and 
the load on the wire is not usually measured. As the wire is 
Boft, when subjected to vibration and tension it stretches, and 
thus if the tension be too great it is reduced by elongation of the 
wire, but this should be avoided, particularly in thin wires, and 

for bard wiree » higher &ctor should generally be used. Wrought 
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iron may be loaded to half its ultimate tenacity for purposes of 
proof, the load being only applied once for a short interval, and 
without vibration or impact, although repeated application of 
the same load would ultimately cause fracture. Beams are com- 
monly tested to half their ultimate strength, the same precau- 
tions being observed. In testing ironwork containing joints, by its 
deflection, allowance must be made for the yielding of the joints 
on the first trial ; in plate beams the trial deflection is increased 
50 per cent, by this yielding, and only after this has taken place 
is the deflection the same as that for a solid rod. The factor of 
safety commonly assumed for wire ropes is 7 for a live load ; for 
stays and ties to telegraph posts 4 is sufficiently high; for 
stranded wire used for overhead lines in towns a somewhat 
higher factor should be employed. Chains are proved to about 
^ of their ultimate load ; cables stretch about 3-3 per cent., and 
short-linked chains 4*4: per cent, under proof. There is much 
difference of opinion on the intensity of the working load actually 
admissible in practice — a common rule is to allow 5 tons per 
square inch for tensile, and 4 tons for compressive loads respec- 
tively ; by some authorities these intensities are only permitted 
in iron of good — i,e., above average quality. One authority 
allows 4 tons in large, and 3 tons in small sections for com- 
pression, 5 tons tension for ordinary plate iron, 5 tons for 
ordinary bar, and 6 tons for extra good bar per square inch. 
Another authority allows 7 tons tension, and 5-5 tons com- 
pression, if the load is all dead ; but when the load is mixed 
a higher maximum intensity is admitted for the dead load the 
greater its ratio to the live load ; when the load is practically all 
live 3-5 tons and 2*75 tons tension and compression respectively 
are the limits. The Board of Trade rule for railway bridges 
permits the following factors of safety : — All dead load 3, with 
vibration 4, with shocks 6 ; and allows in the first case 5 tons 
for both compression and tension. The French rule limits the 
intensity of the load to 3*81 tons per square inch. The most 
rational mode is to estimate the strength of the iron as nearly as 
practicable, and use a factor of safety ; 4 in ordinaiy cases, as for 
poles, and rather more for wire, raising this to 6 when severe 
shocks are to be anticipated, and increasing it to 10 or even 
higher in the case of chains, shafts, and similar bodies liable to 
the shocks due to a suddenly arrested falling weight, or the 
sudden stoppage of machinery; even in the latter cases the 
mechanical value of the greatest possible shock can be estimated, 
and the iactor of safety should depend on calculation {vide 
Pan^raph 57). 
8227. The deflection of wrought iron under a tn^oss^^T^^V^^^ 
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must bo kept below ^J^ of the sjMin or the material n 
permaueut set; it is usually limited ia plat« girders to Yinis **' 
the Bjian for the working load, the depth of beam varying 
between sbout jV ""d xs •'f *^* Bpan, the average is about -j^ 
but yV is considered by some authoritiea the most ecoaomical M 
regards material. The above data, together with those given in 
Chapter II. uoction 6, are applicable to telegraph poles considered 
as cantilevers, and the formnls given in Paragraph 144 are appli- 
cable. In telegraph poles the relation of depth to length stated 
above as adhered to in designing beams, must be regarded as m 
limit, the ratio used for beams not being adhered toj but in 
respect to deflection and set the case of a telegraph polo does not 
diftbr from that of a beam; if in any case the deflection exceed 
the stated fraction of the spui a set is the consequence. Masv- 
facturers of poles usually state the weights of the poles, and theif 
ultimate loads as cantilevers; but the deflection with the proof ' 
load should be ascertained in order that the best form may bo.^ 
decided upon in any particular case. Strength cannot be OOB' 
aiderod apart from stiffness, because a pole having a relatively 
high ultimate strength may have a relatively low ].roof strt^ii^'th 
--i.e., it may be badly ln'tit Ijy ft snialh'r load than \yuiild 
sensibly distort a pole of another pattern, notwithstanding that 
the ultimate load of the second polo be lower than that of the 
first. If the strength be alone considered, the greatest strength 
ia obtained with a given mass of matter when the thickness of 
the tube ia -^jj of the diameter, the transverse strength of the 
tube is then twice that of a solid cylinder containing the same 
quantity of matter ; if the stiffness be so fixed that under the 
proof load the deflection ahall he restricted below that which 
would cause a sensible set, then the depth of the tube must beer 
that same ratio to the span as is adopted for wrought-iron beams. 
Some engineers adhere as nearly as possible to the proportions 
for beams as in Morton's oval pole and the polea of Messrs. 
Hamilton & Co. (both of which patterns have been patented); in 
the latter the proportion of depth (diameter) to height in the 
simple poles varies between -OSIT for the weakest and ■OSS in 
the strongest, the wrought-iron portion only being included; the 
smallest fraction common in girdei-s is -OC. An example in 
which the strongest form for a given mass is approached as 
nearly as practicable ia the Siemens pattern, the pole consists 
of a cast-iron basement segment standing i' 4" clear, and of a 
welded iron tube making the total height 17 feet clear, the 
diameter at the base is 4 inches, the ratio is therefore '0191, 
in the case of the wrought iron alone it ifl -046. The ratios of 
thickaesB to diameter ate in the Hamilton pole approximately 
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•018 and '012, for the weakest and strongest poles respectively; 
in the Siemens pole, it is for the example given above, for 
the cast segment -0625, and for the wrought iron '0716, and 
the inventor claims the proportion is about that which gives 
the maximum strength for a given mass of material. The 
following appear the principal reasons for departing from the 
proportions adopted for beams: — Telegraph posts are required 
to be lighter in proportion to their length than beams, as the 
load they are required to resist is comparatively very light, the 
weight of the pole sometimes reaching one-third of its load ; hence 
such provision cannot be made to ensure stiffness without making 
the metal too thin for strength ; whereas a beam has to bear its 
transverse load either continuously or frequently repeated, the 
transverse load on a telegraph post is the exception and not the 
rule, stays or struts being generally used when the load exceeds 
a very light one. The production of a set, unless considerable, 
being due to exceptional circumstances, causes no inconvenience, 
it is therefore cheaper to allow the set to be produced in the 
exceptional cases than to prevent it by providing against it in 
every pole ; a pole accidentally bent is unsightly, but the cause 
which operated to produce the set having ceased to operate or 
recur, the stability of the structure is not endangered as the 
existence of a bridge would be if passing loads produced such a 
set on its girders. From the above it is evident, ordinary iron 
poles are imsuited to bear any but light transverse loads com- 
pared with their section, by reason of their inadequate stiff- 
ness; therefore, the practice of dispensing with lateral support on 
curves and placing the poles nearer each other can only be adopted 
in any case after it has been ascertained that the particular poles 
are sufficiently stiff ioT the purpose. Adequate stiffness not being 
supplied by the pole alone, it must be given by lateral support 
or trussing, hence it is a common practice to tie or strut every 
angle pole ; but when staying or strutting are impossible, as, for 
example, in the case of a pole in a waterway where lateral sup- 
port cannot be given, and a transverse load cannot be avoided, 
then adequate stiffness must be bestowed by increasing the depth 
of the pole ; this is sometimes done by coupling two or more 
poles together. As in every other structure adequate stiffness 
is necessary, and the stiffness as well as the strength of a polo 
should be considered in applying it, it must depend on the man- 
ner of its employment to what extent transverse stiffness can be 
dispensed with ; if every angle pole is to be stayed or strutted, 
and transverse load on simple poles carefully avoided, an absence 
of stiffiiess may be permitted, which would be dangerous if the 
simple poles were to carry transverse loads on curves and at sli^^ 
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angles. Other considerations — e.g,, portability, power of resist- 
ing oxidation, ami coat, have to be considered in designing polps; 
but upon the stiffness depends the resiatonca really aviulable, 
and this available resistance is an essential element in cwnsidering 
the value of any pattern. That load the pole will bear without 
Bufl'ering such distortion, permanent or temporary, Ets to render 
it nnsafe or tinsightly, ia the measure of its ittren^h in practib^. 
If a transverse load has to be borne, a small set may be adniitteJ, 
bnt not an increasing set, and in all cases the stiflhess an well as 
the strength of the pole should be known. Pliability considen>d 
apart from any consequent ttet ia a convenient quality, aa its 
existence causes the strained body to indicate by its flexure when 
the actual load is too nearly approximate to the ultimate or 
proof load, and thus by giving visible notice of overloading 
it offers the opportunity for avoiding actual failure ; a brittle 
body on the contrary offers no visible means of judging when 
it is overloaded, excepting by actual failure ; bnt pliability is 
in itsplf a source of weakness and inconvenience, and beyond 
sufficient to give due notice of impending failure, should be dis- 
pensed with as far as possible. Other conditions being constant 
the stiffest structure is as a general rule the strongest. The 
following examples will illustrate the above t — A bamboo has 
sufficient strength to admit of its use as a telegraph pole, but its 
pliability is a source of insecurityj for its vibration under the 
action of a strong breeze may either lead to failure, or so loosen 
the post in the ground as to render it unsafe. The employment 
of bamboos in India is confined to temporary purposes, but if a 
temporary line has to be erected on bamboos (excepting when to 
bo watched by a working party and required only for perhaps 
twenty-four hours), the bamboos are used in pairs, tied together 
to form shears which are placed across the alignment, this arrange- 
ment being required to obtain sufficient stiffness for safety. It is 
evident pliability should be limited, that posts which would wave 
in the wind like trees would be very inconvenient in use, for if not 
injurious to the post itself, such vibration would he injurious to 
other parts of a line of telegraph, and seriously affect the per- 
manence and efficiency of the whole structure, particularly during 
storms. Other point^ in which extreme pliability would be very 
inconvenient will readily suggest themselves — e,g., a post should 
be stiff enough to admit of a ladder being use<l against it, and 
to resist in a great measure a shock from a wheel or a large 
animal. 

328. The following moduli of elasticity are given on the antho- 
rity of Professor Rankine ;— 
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nitlmftta 
Tenacity. 


HodnluH of 
Elasticity. 


Good bar iron — average, . 


60,000 


29,000,000 


„ plate iron — „ 


50,000 


24,000,000? 


Iron wire — ., 


90,000 


25,000,000 



By means of the above table the modulus of resilience may be 
Cidculated ; for any other quality of iron the modulus of elasticity 
may be obtained as explained in Paragraph 51, and the modulus 
of resilience calculated from the tenacity and elasticity as ex- 
plained in Paragraph 57. Another author states the elasticity 
of unannealed iron wire at 50*' F. to be 26,467,700 ; at 5" F., 
25,230,500; and annealed wire at 212** F., 28,418,600; the 
specific gravity of the wire was 7*553. The same author found 
iron, specific gravity 7*757, between 59** F. and 5° F. to have 
a modulus of elasticity = 29,569,000. 

329. The £etstenings used to connect ironwork are rivets, bolts, 
pins, wedges, screws, and keys. Rivets are, as a rule, preferred 
to bolts because, being applied hot, and hammered to form the 
head, they more completely fill the holes, and the shearing stress 
is distributed more nearly uniformly over the cross section of the 
rivet ; but for great loads, as in joining the flanges of masts, bolts 
are preferred, being more easily applied. Pins are very generally 
employed to connect the parts of ties ; keys are very generally 
xued to fix wheels and barrels on axles, for keeping pins in place^ 
^. Screws (excepting as screw bolts) are not in common use as 
£Bustenings, excepting for small work ; in construction bolts are 
preferred, but screws are commonly used in ties for adjusting 
them. If fastenings are subjected to shearing stress only, as with 
rivets, and commonly with bolts, then they must be proportioned 
to resist this stress only; but unless they actually fit the holes 
made to receive them, all such fiistenings require to have their 
sectional areas increased in the ratios given in Paragraph 100, 
beyond the area actually necessary to allow sufficient resistance 
to a uniformly distributed shearing load, for the stress is not in 
this case uniformly distributed, it has its maximum through the 
axis of the &stening. The distance between the centres of con- 
tiguous rivets is termed the pitch of the riveting ; if the bars or 
plates riveted together are to suffer tension, then the sectional 
area of the rivets shotdd be equal to that of the plates or bars 
after punching the holes, the resistance of good rivet iron to 
shearing being equal to that of plates to tension ; if the riveting 
is to suffer longitudinal compression the rivets may be placed 
nearer to each other than is indicated for tension, for in this case 
they do not weaken the work, and by pitching them close the 
plates are prevented from separating by buckUn^ betMi^^T^ >iH^^ 
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rivets when compresaud. As, however, the plates may be injured 
"by puHcliiiig, vpvy close pitching is avoided exeeptiog with very 
thin plates. For plates less than half an inch in thickness the 
diameter of the rivets is iiauaUy equal to twice the thickuefis of 
the plate, for thicker plates about once and a half the thickness of 
the plate, and for very thick plates sometimes only once that 
thickneas, but never lesa ; the length of rivet allowed for cleuehing 
is eqiinl to two and a, half diameters. From the above it follows 
that in a single riveted lap joint, the plates being less than 
half an inch thick, the most economical disposition of ui&temi 
is obtained by iwing a pitch of three diametera, and the dis- 
tance from the centre of the rivet to the edge of the plate on 
each eide should be equal to the pitch. In double riveted joints 
the rivets are arranged in a zig-zag along the joint. la chain 
riveting the rivets are arranged in files at right angles to the 
line of tlie joint ; the joint is therefore generally wider thau in 
other kinds of riveted joints- By placing the rivets behind 
each other the sectional area of the plates is not so much reduced 
aa in the other modes of arranging them; the aeotional area of 
the rivets is determined as in other riveted joints, A coinraon 
form of joint when chain riveting is employed, is the butt joint 
with covering plates; but it is manifest the weakest section of 
such a joint is through the rivet holes — the joint is only as 
strong as the section of the plate joined measured through the 
rivet lioles. As rivets fill the holes the shearing stress may 
be considered equally distributed over the cross section of the 
rivet, but when the work is loaded longitudinally the stress is 
not uniformly distributed over the section of the plates at the 
joint, the stress being communicated through the rivets, and not 
at every part of the joint, as in a welded joint; in a single 
riveted joint the resistance is reduced by one-fifth by unequal 
distribution of the stress. The commonest form of screw is that 
with the triangular thread; a better fonn for acting in one 
direction, as in bolts, would be that with one surfece perpen- 
dicular to the pressure and the other surface inclined, the 
section being a right-angled triangle — wood screws are some- 
times made in this form. The square thread is used as a rule 
only in screws intended to work both ways, as in vice screws; 
it is more durable and less liable to injure the nut if excessively 
strained or improperly inserted, but it is not so strong as the 
triangular thread; screws with the edges of the thread and 
groove rounded may be considered as a compromise between the 
triangular and square forms. Screw threads may be considered 
as very short cantilevers; they sufier a shearing stress, and the 
Jengtb of the nut should be such tlmt the ultimate resistance of 



IRON FASTENINGS AND JOINTS. 221 

the thread to shearing may be at least equal to the tenacity of 
the bolt; it should not be less than one-half the least diameter 
of the bolt, but in general it is much more. Screws used for 
pressure, as vice screws, should have long female screws to 
equalise the wear between the two screws. The tenacity of a 
bolt is the tenacity of the diameter measured between the screw 
threads. The pitch should not as a rule be greater than one- 
fifth the least diameter, and may be much less ; the projection 
of the thread is usually half the pitch. The head of a bolt is 
usually about twice the diameter of the neck, and its thick- 
ness somewhat greater than half that diameter. Bolts when 
overstrained usually fail at the commencement of the thread, as 
this section divides the bolt into two parts differing in torsive 
stifihess (Paragraph 108), in the inferior bolts used for insulator 
brackets this mode of fsLilure is very common; several modes of 
removing this source of weakness have been proposed — e,g,, 
making the neck of the bolt uniform with its least diameter and 
making the neck hollow, these expedients are not generally 
applicable; if the depth of the groove be made to decrease 
gradually towards the neck, the same end is attained, and in all 
bolts of inferior quality this point deserves consideration. The 
author has seen many bolts, of the quality used with the ordinary 
malleable iron bracket, twisted in two by means of a short 
wrench, and has known telegraphic communication to be inter- 
rupted by the failure of such bolts in the manner described. 
Mr. Kirkaldy found good wrought-iron screwed bolts were not 
necessarily injured, although strained nearly to the breaking 
point; those made with old dies were more tenacious than those 
made with new dies, being more hardened ; that the tenacity of 
bolts of different sizes was as their areas, the smaller sizes being 
but slightly proportionately stronger than the larger; case-har- 
dened bolts (Paragraph 343) were less tenacious than those of 
iron only, the greater tenacity of the thin steel skin was more 
than counterbalanced by the greater ductility of the iron. As 
already stated, common bracket bolts are rendered unsafe if 
over-strained. Bolts and other fastenings when to resist tension 
must be proportioned to this tension, and may in general be 
smaller than when required to resist shearing only. In order 
that keys or wedges may be safe against slipping out of their 
seats they must have stability of friction — t. 6., their angle of 
obliquity must not exceed the angle of repose for clean metal 
sur&ces, this is about 9°, but to allow for the surfaces being 
greasy the angle is usually limited to 4^ (Paragraph 49). 

3dO. Id designing joints, the relation between the dimensions 
and pitch of the rivets or bolts, and the diinQna\.oi\& oi. >iky^ ^^^^^ 
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ahoTild be so fixed that the faateninga niay be equally distri- 
buted over the wliole work, and the holes be Bo placed that there 
xa&y be no fear of the fast«iimga being torn out ; countersinking 
of rivet lieads or flattening of tbeni down should be aroided 
when possible ; counterainking 18 only admissible in tliick pUtes. 
and can, aa a rule, 1>e dispensed with in telegraph construction. 
In conical tubular jiolea htlal tog^th^r in segments, i£ in Hamil- 
ton's jiolea, several rivets have to be clenched yery flat ; tlie 
(luthor never heard of failure of an ordinary pole at these rivets, 
but in tall poles {e.g., 40 feet) made on this plan such rivets are 
B. source of weaknciu, and the author has known instances of 
failure (the posts were not supplied by Messrs Hamilton and Co. ) 
at tlieae flattened rivets. When rivets have been clenched with 
a hammer, the metal is shaped by means of a die termed a snap ; 
if a rim of metal be formed by the snap, this may be cut off 
■with a chiael, it is better however to leave it on, as there is risk 
of damaging the plate in removing it. Punching is more generally 
emi>1oycd than drilling for making holes for fastenings ; drilling 
is more expensive, but it damages the plate less, and ia there- 
fore prefen-ed ; but in punching an exceptionally brittle plate is 
broken, and the weakness due to punching may be removed by 
annealing. Punching is only applicable when the diameter of 
the hole to be made exceeds the thickness of the plate; if it be 
less, the hole munt be drilled. If the holes to receive fastenings 
are not made exactly opposite each other, an instrument termed 
a rhymer is used to enlarge the hole ; when this instrument 
is used, as in the case sometimes, to remove the effects of 
careless drilling or punching, it is objectionable, and engineeTS 
sometimes specify therefore that it be not used at all ; but 
when »ised to smooth the holes, due care having been taken in 
making them, there is no objection to its use, in fact it 
becomes beneficial. The lap joint is inferior to the butt joint 
with butt covers, particularly when compression is to be resisted 
it is not so well suited for making plate iron cylinders, as it 
necessitates a slight departure from the circular section by which 
there is a considerable sacrifice of resistance to lateral com- 
]>ression. Butt joints may have one or two covering plates; the 
edges of the plates to be connected should be planed or cut true, 
and if they do not quite meet at any part the joint may be filled 
in with zinc — the work should be heated and melted zinc run 
into the joint. In connecting plates or bars to form stmcturea, 
they should break joint as much as possible. Masts should be 
in as few segments as practicable, the best mode of joining these 
eegmea^ is by bolts through flanges, the flanges being carefully 
^Uied true; tJiat mode of joining in which one tube is fitted 



EYES ON TIES — IRON STRUTS. 223 

tightly inside another is inferior in strength and stiffness to a 
flanged joint, particularly in thin tubes, for in such cases the 
angle-iron flanges greatly increase the resistance both to a trans- 
verse load and to lateral compression (Paragraph 334). Bars for 
stifleners, covering plates, &c,, should be forged to shape, and 
not bent cold. Two pieces of soft wire may be joined by a lap 
joint bound with thin wire; if the binding be put on with a 
mallet a short joint may be readily made as strong as the uncut 
wire. An eye may be turned on a wire by bending the end 
round and binding with thin wire. Eyes are sometimes turned 
on wires by simply twisting the end round the wire itself, such 
eyes are very deficient in strength, they are liable to slip, and 
the bending frequently renders the wire unsafe ; if the eyes be 
made by using binding wire, single wire ties may be safely used. 
The ordinary joints used for joining wire are described in another 
place. Ties of wire rope may be spliced as hempen ropes; if the 
wires be thin an eye splice round an iron form or dead-eye is 
said to be the only mode of turning an eye in which the joint i^ 
as strong as the rope; in making this splice a serving of wire is 
put on above and below the splice. Eyes are frequently turned 
on rope ties made of ^dck wire by twisting the wires forming the 
strands separately round the rope, this is applicable to thick 
wire only; the eye is turned and the strands being separated 
each is successively laid between the strands of the rope for a 
short distance, closely twisted three or four times round the 
rope, and its end cut ofl*; the several strands should be finished 
oSl about 6 inches apart, the last should be twisted close to the 
eye. This mode of turning an eye is not suited to rope in which 
each strand consists of several wires; probably the best mode of 
making an eye in this case, when a splice is inadmissible, is to 
Eeparate the strands of the end, lay them between the strands of 
the rope for some distance, and put on a tight serving of thin 
wire with a mallet. Some authorities state precautions to be 
observed in serving on binding wire ; if such servings be put on 
with the mallet the fastening of the ends requires no special 
precautions, excepting to secure neatness. When the binding 
wire is soft there is no fear of it springing to an extent likely to 
render it unsafe if one end be bound in the serving and the other 
laid under a strand; if the wire be not stranded the ends may be 
turned in, or wound three or four times round the single wire. 
If the serving be put on by hand it is very inferior, as the wire 
is not stretched on or killed unless care be taken in securing the 
ends it is liable to spring loose. 

831. Angle iron of various forms is used for simple struts; 
built struts are made of various forms of sectioii b^ ^%&\asi:^s^ 
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together baitt of different sections, or tars and plattx. Portnnl 
for calculating the streugth of atnits are given in Pamgraphs 7T, 
7S, an<l SO, The commoneat kinds of tie in telegraph con- 
Btniction is the cylindrical rod and the wire rope. The rods fire 
linked together by pina passed through eyes ; the thickness of 
the pinu and the metol at the eyes should be calculated by tha 
rules stated in Paragraphs 96 Wi<J 100, Iron rod ties are leiis 
liable tn be rendei-ed unsafe by corrosion than wire ropes, and 
they should be used in preference when to be buried ; they may 
be uaed in continuation of wire ties for the part to be buried. 
Hooka in iron ties are unsafe, unless niade very heavy their use 
bIiouKI be avoided, Plate-iron ties are joined by riveted joints 
or pins ; they are seldom, if ever, used in telegraph construction. 
Wire ties are the strongest ties for their weight, unlesx the wire 
be annealed (the commonest case in practice), they are then no 
stronger than good soft iron rod. Chains are used as tics for 
stays, temporary lashings, Jcc; thoy are of two kinds, open link 
or crane chain, and studded link or cable chain ; the former is 
tliat used for cranes, stays, and lashings, the latter is used for 
marine purposes. Oval linked chain is seldom used larger than 
of one inch diameter iron ; it is ivt-iikcr than studilrd cliiiiii in 
the ratio, according to Barlow, of 85 : 100, and to other authorities 
7 : 9 nearly ; the effect of the stud is to cause a more uniform 
distribution of the stress over the cross section of the link. The 
strength of studded chain is about seven-ninths of that of the 
iron rod of which it is made, which, as already stated, may vary 
from little over twenty to twenty -six tons per square inch. Iron 
ties are commonly made of pieces of line wire ; these are some- 
times twisted together by passing the wires through holes in a 
thick board, and turning the boar<:I round in a piano at right 
angles to the wires, so as to twist the wires together, moving the 
pei-foi'ated board along as the rope is formed behind it ; this 
practice is not a good one, as the twist is uneven and the load on 
the finished rope is not distributed equally between the strands. 
The best mode of forming a wire- rope tie ia the following: — 
Stretch wires to form the strands, and cut them to the same 
length; when they are straight they should be fastened to a 
board or iron plate at each end, if only two wires are uaed iron 
bars may bo used at the ends ; the wires being kept tight, they 
are twisted together by turning the boards or plates to which 
the ends are fastened ; should a strand rise, it is beaten down 
immediately ; when practicable the wires should move freely in 
the holes through the end plates to avoid twisting the wires 
individually; the tension during twisting by stretching the wires 
prevents them from springing when liberated. When a tie is 
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to Have many strands it may be made with an eye at each 
end, as follows: — Pass the wire round two strong pickets 
until sufficient has been payed on to make the tie, bring 
the two ends midway between the pickets, stretch the wire 
tightly round the pickets, and again after paying it on by j 
removing one of the pickets from the ground and hauling on it 
with a tackle ; if this picket be caused to revolve, the wire being 
kept stretched, the whole is formed into a tie. The ties described 
above as made from wire are commonly used with ordinary sized 
poles; the last described is weakest at the eye, but is applic- 
able in cases where neatness is desirable, and a little extra 
material is of no consequence. The ordinary thick wire tie used 
without a dead-eye should have the eye flattened to prevent the 
tie stretching from this cause. Thick wire ties may be partially 
buried, but thin wire rope should not be buried, and it should 
be protected from oxidation, particularly when in galvanised 
wires the zinc coating has been damaged in making a splice; a 
mixture of oil litharge and soot, oil paint, coal tar, or hot oil, 
are materials used to protect thin wire ties. Wire ties are 
sometimes made by placing wires parallel and binding them 
together at intervals; great care is necessary to distribute the 
load over the whole section of such ties, and their use should be 
avoided. In twisted ties the load is uniformly distributed without 
special care, provided the twist be not too long, if the twist be too 
long the wires do not act together, if too short they are injured, 
small sized wires require a shorter twist than large wires. Oval 
linked chain may be used for heavy ties or stays, as in staying stand- 
ing masts, but being heavier than the wire tie the latter should 
as a rule be preferred, and invariably for long stays to high masts. 
Ties are tightened in various ways, the commonest being the 
insertion of a screw and swivel; post ties may be tightened by 
inclining the pole slightly towards the tie, iixing the anchor, and 
then pulling the post up to the vertical. A simple mode of 
adjusting ties is to push the collar up the pole, and fix it up by 
a wedge driven between the collar and pole from below. Wrought 
iron is subjected to transverse loads in the forms of flanged 
girders and tubes; the flanged girder may be either built up of 
plate and bars of suitable section connected by rivets, or rolled 
in one piece ; for very short beams, as for supporting small plat- 
forms, and for the roofis of iron cable sheds, angle or T iron is 
employed. When the section of a flanged girder approximates 
to the strongest form — i, e., the compressed and extended flanges 
have areas inversely as the resistance of the material to compres- 
sion and tension respectively — its strength may be calculated with 
snfficient accuracy for practical purposes by Mr, Hod^^xAfscsL^ 
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rule, expressed as follows: — The beam being supported a.t both 
vodB ikitd loaded in the ceiitre, the breaking weight in tous 
= area of bottom flange x depth x constaat -^ length between the 
supports; the dimonsiona being stated in inches. The value of 
the constant for wrought iron when the web is very thin, as 
sometimes occui-s in btult beams, in 60, wben the web is stiff 75. 
Mr. HodgkinGou has given formulte for tubular girders, but the 
following iipproxiniate formula is Bofficieut for most purposes 
in practice: — "W = —j— ...(1). W is the ultimate load, a the cross 

sectional area of tlie materiiil of the tube, d the dijuneter of the 
tube, c a. constant determined for each form of section hy experi- 
ment, and I is tlie distance between the supports. The formula 
applies to girdere loaded in the centre; the ultimate load of a 
cantilever of the some cross section and length, loaded at its 
outer extremity, is one-fourth of W in the above formula 
(Parogrnph 134), The vidue of e represents the relative strengths 
of dilfercnt forms of cross seotioa — e. g., 'Uie Siemens' tube being 
assumed to foil at the ground line with a leverage of 17 fe»t, 
and an ultimate load of 660 lbs., as stated by the maker, 
its conatiint is nearly Xi; thr; Hamilton UxW di.tTiKtt-i- 7-7.V-, 
being assumed to fail with an ultimate load of 600 lbs., applied 
with a leverage of 14-6 feet, has a constant of 19'5 — the lever^p> 
is probably overstated. The numbers 33 and 19-5 represent the 
specific resistances of the two forms — t. «., if containing the same 
mass of material the strength of a Siemens' post would be 33, 
while that of a Hamilton post would be only 195. As explained 
in Paragraph 327, stiffness has to be considered, the avaUahU 
strength not the ultimate resistance is that with which the engi- 
neer is most concerned. The above figures are given merely as 
illustrative examples; the data are copied from circulars, and the 
author knowing nothing of the mode in which they were obtained 
does not state them as facts for guidance. If the constant e be 
determined by experiment for any form of beam, then the strength 
of any similar beam may be calculated by the equation (1). The 
experiments made to determine the best form of tube for tubular 
bridge girdei-s shewed the constant c for thin iron cylindrical 
beams to be 13 tons, the thickness of metal being very small 
compared with the diameter. Substituting this value for c in 
(1), the strength of a wrought-iron plate cylindrical pole may be 
calculated, the pole being regarded as a cantilever. The thick- 
ness of the plate must be small compared with the diameter of 
the pole; hence the area of tbe material is very nearly equal to 
■*dxt, in which t is the thickness and r the ratio between the 
ciivuinference and the diameter of a circle — henoe, from (1) the 
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strength of such a pole regarded as a cantilever is given by the 
equation — 

t£; = -^^13tons (2.) 

By means of the above formula (2) either of the quantities 
d t Iw may be found, the others being known. (See also Chapter 
11. , section 6.) Iron beams are fixed only at one point to 
allow for expansion and contraction with changes of tempera- 
ture; iron telegraph poles being stayed with iron stays, the 
exjmnsion of the stays is sufficient to allow for expansion of the 
pole, thus no such special provision is required. When girders 
are lifted into position they are frequently stiffened temporarily 
with timber ; telegraph masts of thin sheet iron may require 
similar provision to stiffen them while being raised. A& a general 
rule, the heel of the mast should not be li^d from the ground, 
and the mast should be seized at two points, and not by the head 
only j if the mast cannot be lifted with these precautions it is 
probably too weak. Should it however be necessary to stiffen it, 
a good plan is to fill it with bamboos, or other light cheap endo- 
genous wood procurable near the spot, or lash on a light spar 
outside. 

332. Telegraph masts of wrought iron differ widely in pattern ; 
for large masts, standing masts built on the same principles as 
the wrought iron lower masts of ships are probably the most 
economical. These are made of bent plates, each plate usually 
forming an arc of 120®; the plates are connected together by 
through riveted lap joints, or butt joints with covering strips ; 
the masts are usually stiffened by continuous T or L iron in the 
direction of the mast's length, attached inside, and frequently 
serving the purpose of covering strips to the longitudinal joints. 
Iron masts are usually built the same diameter as wooden masts ; 
they are as strong as wooden masts if well built. Large-sized 
iron masts are less costly than wooden ones, but for small msfits 
wood is cheaper, unless it has to be transported a great distance. 
The lighter patterns of iron masts are nearly on^third lighter 
than similar masts of wood ; but if with a strong system of 
stiffeners, as applied in the Boyal Navy, the large masts are 
about as heavy as wooden masts of the same size, and in small 
sizes iron masts are heavier than wooden ones — the cast-iron 
earth tubes used for telegraph masts are excluded. The iron 
masts used in the Iloyal Navy are more costly than wooden 
masts, but being stronger and much more durable, they are more 
economical and more reliable. In most situations il*on masts of 
lai^ size, built as for merchant vessels, would b^ «a ^^^as^ «si^ \^)ff^ 
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pine masts, and fur more ecouomical ; but where a good dm-able 
wood uau be bought cheaply, whereas ironwork must be trans- 
ported ft considerable distance, wood may be much cheaper than 
iron — this is more often the case with umaller aiiea up to say 60 feet 
than with larger. Telegraph masts may be stiffened like the masts 
used in the Koyal Navy, when they are required to resist the 
action of a considerable tranaveree load, and lateral support cannot 
be applied ; or in such cases the circular section may bo departed 
from and the mast built as a cantilever, with its depth greater 
than its width. Such cases occur very seldom indeed, and in 
general a tel^raph mast should be less costly than n ship's mast, 
for the plates may be as a rule somewhat thinner, the rivets are 
not required to be countersunk, and whenever practicable, one 
standing mast should be preferred to a standing maat eurmountwl 
by a running maat, thus dispensing with the mast-head fittings. 
The plates of lower masts in the Koyal Navy vary in thickness 
between i' and J' ; in the largest masts there are sometimes four 
plates in the circumference, but more generally three, and in 
small masts only two. Tho "Belleroplion" lower masts, for 
example, are of jV r'^tc", three to the circumference, of " bpst 
best" quality, and at least twelve feet long ; fig. 61 represents a 
section of one of these masts, the edges of the 
plates are single riveted, the ends are butt 
jointed, the joints being double chain riveted 
I to the covering plates worked inside; the T bars 
are welded into one length when practicable, 
otherwise they are used at least 24 feet 
long, and joined with butt covers ; the longi- 
Fie 61 tudinal T irons are C x 4' x '5* in section, every 

C feet transverse stays of T iron 5' x 3' x -5' 
are fixed to form a triangle, as shewn in the figure ; great care 
was exercised in accurately fitting the butt joints and in arrang- 
ing the pieces to break joint in tho direction of the mast's length. 
The diameters of these masts are — fore 33", main, 35'. The 
following are examples of the conatiniction of iron masts of mer- 
chant vessels: — No. 1, four plates to the circumference, joints 
double riveted lap, stilfeners continuous L iron worked on the 
centre of each plate. No. 2, three plates to tho circumference, 
joints single riveted lap, stifi'enera L iron worked on at joints 
with the joint rivets. No. 3, three plates in circumference, butt 
joints, T iron stiffenera worked on to serve also as covering strips 
to the edge joints. In some coses the stifTeners are dispensed 
with, and an addition made to the thickness of the plate, to com- 
pensate for their absence; horizontal stays of L, T, or plate iron, 
»re Bometimea inserted six feet apart, these serve also to climb 
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and paint the mast inside. The following dimensions are those 
prescribed in the Liverpool Underwriter's Registry; — 



Length. 

CO feet 
96 



99 



Diameter. 

20 inches 
32 



99 



Thicknesi. 
Body. Head. 

I inch ^ inch 
If »> TV M 



5 



Fig. 62. 
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When angle irons are omitted an addition of J^" to be made to ' 
the thickness, and in lower masts not more than 
three plates are permitted to the circumference. ' 
The commonest kind of iron trestle trees are those . 
formed of angle iron bent round, fig. 62, to form a 
socket for the topmast heel, and supported hj 
plate-ii'on cheeks or knees. The contraction in diameter to form 
the mast-head is formed bj fitting a smaller tube to the larger 
with angle irons and gussets inside and at the top, or by angle 
irons inside and out, as shewn in fig. 63, the inner 
tube is inserted in the outer for some distance. The 
system of construction applied in ships' masts is appli- 
cable to telegraph masts, the following modifications 
being made: — The rivets need not be countersunk, T 
the strength required is not so great, running masts L 
should be avoided as a rule, steps and handles or an 
iron ladder should be attached to the mast for climbing 
it. In most cases provision must be made for separat- 
ing the mast into several pieces for convenience of 
carriage — thus it may be shipped in several pieces to 
be riveted together on the site of the crossing; the 
iron may be bent, drilled, and marked, to be welded or riveted 
on the site selected; the tubes may be made with fianges to be 
bolted together, or they may be joined by a socket driven over 
the thin end, or by an open socket bolted together through 
flanges. Masts up to 40 feet in length are sometimes built by 
fitting the ends of the segmental tubes into each other, as in the 
Hamilton pole, a set of tubes made by Messrs. Hamilton & Co., 
consisting of five segmental tubes each 8 feet long, and a cast- 
iron ground tube; these tubes may be used to form posts from 16 
to 40 feet long, and the smaller posts may be made of several 
degrees of resisting power by using the larger or smaller seg- 
mental tubes with difierent sized sockets. The ultimate trans- 
verse load of the weakest combination of two tubes is 500 lbs., 
the post being considered as a cantilever, loaded at its unsup- 
ported end, and the strength of the combinations np to the 
extreme of 40 feet is 500 lbs.; the object in using a set of tubes 
two of which form the ordinary pole, is to have the meauE c^ 
obtaining by a suitable combination a po«t oi ^xl*^ V^v^ ^k^ ^^«^ 
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tJie roaxunuin, and to famiali short posts of several degrees oP 
traiiHverse reaistanae — e.)/., the combmation of the two smnlleKt 
seguieuta has an ultimate reaistiag power of 500 lbs., the trans- 
verae resiatance of the and D segmeats i« 1500 lbs., each 
combiustion being about 16 feet long; another advantage of 
this so-called telescopic combination is that the tubes pack iasidfi 
eacli other for convenience of transport. Tubes joined by inaei* 
tioii into each Other are inferior to tliose joined by flanges or' 
Botketa, and this mode of construction appears applicable otklj to, 
masts up to about 4-0 feet in lengtli ; about four in the largest 
nuuibei of joints wliicb should 1»6 permitted in such a mast made 
of thni wrought-iron plate with lap joints, and no stays in the 
inserted ends of the segmentAl tubes. The principal objection 
to this mode of jointing would be removed if the inserted end rf 
each tube wore atreng^ened by stays or the insertion of a widtr 
houp, to resist the thrust of the outside tube wheu the pole in 
Bti-uined transversely; the collars used at each joint do noM 
support tlie inner tube at all; in flanged tubes the flangW^ 
strengflieu the tube both above and below the joint. Vow 
pairs of masts varying in height between 75 and about 190 
feet were erected to cross four rivers in Bengal; the basement 
tubes were of cast iron to above high-water mark, the wrought- 
iron jjortiona were in 9 feet flanged segments, four strut braces 
pi-ojected from the mast at every alternate joint — i.e., 18 feet 
apai't, and from these the mast was trussed in the usual way by 
iron ties with adjusting screws; each mast bad two tiers of stays, 
was surmounted by a cage a few feet below the insulators, and 
fitted with a vertical iron ladder from the ground to the cage. 
The flanged form is very stiff, and trussing is very seldom neces- 
sary in telegraph masts. 

333. Iron wire is made by rolling the bar to a small section, and 
then drawing it down by passing it through drawplates. The 
wire is, as a general rule, annealed, and the tests applied to it 
usually have reference to its ductility and the absence of flaws ; 
high tensile strength being incompatible with the requisite soft- 
ness is not insisted on. The following are conditions ustially 
specified, and the tests to which line wire is subjected : — 

1. The wire to be in pieces of a minimum weight, to contain 
no joint within this limit, the piece being rolled and drawn from 
one piece of iron. This limit varies with the size of the wire ; 
30 to 40 lbs. is a common limit for the sizes in general use. Tin- 
Indian administration specify coils of i)5 to 105 Iba. for wire 
•3&1" to -210" diameter, and of 35 to 40 lbs. for wire -072" to 
-067 ''diameter; coils in one piece beiDgpreferred,but one joint per- 
mittedin each coiL The kind of jomt to be used should be specified. 
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2. It is commonly specified that the wire be drawn through a 
minimum number of holes, as drawing is more beneficial than 
rolling; the number insisted on is commonly two, but it is 
generally drawn through a greater number. 

3. The wire should be tfuly cylindrical and of uniform sectional 
area. As true uniformity cannot be attained, a margin is per- 
mitted, and this margin is usually specified. Ordinarily the 
weight of any given wire may vary 5 per cent, from the average ; 
the Indian administration allows a margin of only 1 *5 per cent, 
for sizes weighing more than 600 lbs. per mile, and 2 per cent, 
for smaller wires. 

4. There should be no weld in either the wire or rod. It is 
usual to have the wire highly annealed ; the degree of hardness 
should be as uniform as attainable. The surface of the wire 
should be smooth and even, free from scale, flaws, sand splits, 
and projections of adherent zinc. The wire is sometimes passed 
over and under a series of small pulleys to test it for fisiults such 
as cracks. 

5. Certain tests for ductility are always specified ; these tests 
are of difierent kinds, they may be classified as dongatuni tests^ 
toraion tests, and bending tests. The elongation tests consist in 
stretching the wire a certain percentage of its length. This 
stretching may be performed directly by suspended weights, hy 
hydi*aulic machinery, or by one or more levers ; the Indian 
administration admit the use of suspended weights only, objecting^ 
to machinery as introducing elements of inaccuarcy, as friction; 
other authorities object to the use of weights, because the force 
is not added so gradually as when the pressure of water is used. 
The simplest hydraulic, or more properly hydrostatic testing 
machine, is one on the principle of the hydrostatic bellows, devised 
by Sir W. Thomson; it has neither springs nor valves, there is no 
sensible error due to friction, and the load can be added gradually; 
this machine is therefore preferred by some to the direct action 
of weights. The machine is described in the second volume of 
the Jourwd of the Society of Telegraph Engineers, As short bars 
may stretch more pro}K)rtionately than long ones (Paragraph 

' 86), the proportionate ultimate extension being specified it is 
necessary to specify also the length of the specimen of wire to 
be tested. It is probable, when the length of the rod tested is 
considerable compared with its thickness, as in wire, short speci- 
mens always stretch more proportionately than long ones, and 
the exceptions to this rule observed by Mr. Kirkaldy may dis- 
appear. Mr. Cully in 75 tests of a coil of wire, diameter *165 
inch, found pieces 10 inches long stretched 19*5 per cent., pieces 
120 inches long stretched 12*7 per cent., and in & i<ei<fi ^v^^^a^^ 
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tested in lengths of 100 yards, the ultimate elongation was boS I 
little over 6 per cent. In two quftlitiea of wire '239 inch dia- 
meter, the ultimate elongations being equal, and ia each case 
18 per cent, when tested in lengths of 10 indies, when tested in 
lengtlis of 10 feet the ultimate elongations were — A 12'0 and B 
U-0 per cent ; and when the Game wires were tested in pieces at 
100 yards, the ultimate elongations were — A 6'5 atid B 4'5 jWt 
cent. Mr. Cully found the time occupied in testing the wire 
materially influenced the results, the elongations being propor- 
tionately greater when the wire was stretched more rwpidly; 
when the times were as l-OO. 1-73, and 3-11, the ultimate elon- 
gations were as 17-80, 15-40, and 13'80 respectively. The alao- 
lute time occupied in each case la not stated. Mr. B«ll thinkii 
the phenomenon may be explained by the softening of the 
wire consequent on the heat developed by rapid stretching; Mr. 
Kirkaldy has explained a decrease of brittleneas in iron at 33' F. 
by the iron being more warmed by reason of the load having been 
applied graduaUy. Mr. "Kirkaldy found the contraction of area 
less with a suddenly applied load. It is to be regretted Mr. 
Cully lins not stated the absolute time as well as the relative 
time, the appearance of fracture, and the ultimate tenacity in each 
case, and that he has not given other than average figures; for if 
these particulars had been given, the results might have been con- 
sidered with those obtained by Mr. Kirkaldy and others, and a 
nearer approach made to a theoretical explanation or the dis- 
covery of a law. It should be remarked, although the heat 
developed be the same whether the iron be stretched rapidly or 
slowly, in the former case the temperature of the wire would be 
raised more than in the latter, for the total heat being developed 
in a shorter time less would be lost by radiation. In general the 
elongatio» test is applied to pieces 10 inches long, and an elon- 
gation of 18 per cent, ia commonly specified in this length. As 
in the qualities referred to above as A and B, both stood the 
test equally well in lengths of 10 inches, but shewed a dif- 
ference of ultimate elongation when tested in longer pieces, 
and as this diflerence was apparent in working with the wire, 
Mr. Cully concludes 10 inches is too short a length for general 
adoption in practice, and he considers ten feet a more suitable 
length to exhibit the quality of the wire. Assuming that 
the diflerence in quality was exhibited in handling the wire, 
but was not rendered apparent by the elongation test ap- 
plied to a short piece, as stated by Mr. Cully, this would lead 
to the conclusion that diflerences of quality are more readily 
rendered apparent by a bending test than by an elongation test. 
Sometimes wire is tested by being stretched 2 to 2J^ per cent.; 
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it is passed several times round a drum, and is drawn off this 
drum by passing several times round a second larger drum, the 
relative diameters of the drums being such as to produce the 
elongation required. This process is also termed killing; the 
wire is somewhat hardened by the process and it is straightened. 
In India the wire is killed by being hauled up to half dip on 
erection; this load being kept on for a few minutes the spring is 
taken out of the wire, it is straightened, and if deficient in 
tenacity it breaks, or if the joints are weak they open; it is 
claimed for this mode of proceeding that the wire is handled 
while soft and not rendered harder until actually erected, and 
that the line joints and wire are tested together by one opera- 
tion. The torsion test is applied by holding the wire in two vices 
a fixed distance apart, and causing one or both of the vices to 
revolve so as to twist the wire round its own axis; an ink line 
drawn on the wire previous to testing forms a spiral when the 
wire is twisted, and the ultimate number of turns in this spiral 
is the test of dufctility — this is the test applied by the Indian 
Telegraph Department. Sometimes a machine is used which 
registers the number of turns. The ultimate number of turns 
in a given length a wire will bear depends on its diameter, the 
length twisted, and the time occupied in applying the test Six 
inches is the length usually tested; the Indian Telegraph Depart- 
ment specifies 6 inches for wires weighing 150 lbs. and more per 
mile and 3 inches for lighter wires. The number of turns is 
approximately inversely as the diameter of the wire tested; Mr. 
Cully found the average of a large number of trials was thirteen 
turns in a length of 6 inches of wire, diameter '253 inch, and for 
other sizes was — 

Diameter, . -207 inch. Turns in 6 inches, . 15*9 



99 



•146 
•077 






99 
99 



99 



>> 






22-5 
42-7 



Manufacturers specify 12 to 18 twists for No. 8, and 40 to 
50 for No. 20 B.W.G., in a length of 6 inches. The Indian 
Telegraph Department fixes both tenacity and ductility — e. g., in 
wire -251 to '258 inch diameter the tests are as follows : — 



TeoAdty. 



DoctiUty. 



Urn. 

2,776 
2,850 



TarnBine' 
14 

13 



Tenacity. 



DnctlUty. 



LbB. 
2,925 

3,000 
3,076 



Turnalne" 

12 
11 
10 



A 
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In cable wire one turn leas ia required for the same aiaed wire 
Laving the some tenacity. The time occupied in testing by the 
torsion tost has vei^ little influence on the result in practice; 
Mr. Cully found when the speed of turning was as 10 to 25 the 
number of twists was as 14 to H-3. It appears the toraion test is 
more reliable than the elongation test, as it is less influenced by 
time and appeara to exhibit difl'ercnces in quality more readily 
and with greater certainty. Mr. Cully obtained the following 
results :— 

DbuneUr. EloDRmtinD. TirMalntt ^M 

Ordinary wire, . Not stated. 17-4 per cent. 12 Wm 

„ '234 inch. 17-6 „ 10 ■ 

ChftrcoftI „ . NotsUted. 17-0 „ 18 

Homogeneous,, . -253 inch. 17-G „ 13 

It is to be regretted Idr. Gaily has confined himself to stating 
average results ; in an inquiry of this nature knowledge of 
extreme results is essential to a just aondusiou, and statement 
of the ek'iuent of time is essontiaL Another moile of testing 
wire is by bending it — it may be fixed in a vice and bent back- 
wards and forwards to a right angle in each case, until it breaks; 
it may be bent and hammered up closely against itself, in which 
case the bend should shew no signs of failure; or it may be coiled 
closely several times round itseUl These tests have the advantage 
of resembling the treatment the wire is subjected to in use. 

6. Line wire is usually delivered as it comes from the testing ; 
it is coiled into close coils of a specified weight, being joined 
when necessary by the usual soldered joint; it should not be 
at all crooked, but even, closely coiled, and bound with thick 
binding wires preferably put on hot. Thin wire only is packed 
in boxes or drums, ordinary line wire is shipped in coils. 

Cable wire is used harder than line wire — a higher tenacity, 
lower ductility, and longer pieces are usually specified — e.g., the 
Indian Telegraph Department speci6cation does not admit joints 
in cable wire coils weighing 95 to 105 lbs., the size of tlie wire 
being ■204' to '258' diameter. . Wire is usually distinguished in 
size by numbers, the scales used being known as the Birmingham 
and Whitworth wire gauges respectively ; by French engineers 
and sometimes in England the diameter in millimetres is used, 
and in England the diameter is frequently stated in thousandths 
of an inch. The Birmingham wire gauge scale is that generally 
used, but this scale is indefinite, differing according to the 
maker ; authorities differ as to the exact diameter of the different 
sizes, and in the smaller wires this difference is considerable ; 
some of these differences are shewn in the table, Paragraph 319 ; 
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in Nos. 20 and 21 this difference amounts to one size, some 
makers designate a wire -035' diameter No. 20 and others No. 
21. When accuracy is requisite the diameter of the wire should 
be stated as a fraction of an inch, there being no generally 
accepted scale to which it can be referred. By reason of the 
Birmingham wire gauge being indefinite, its use is felt to be 
productive of much inconyenience, and will be discontinued in 
fiivour of another scale, probably the "Whitworth scale (described 
below), but at present there is much uncertainty and difference 
of opinion concerning the relative merits of the several scales 
proposed. It has been proposed to take a standard wire (No. 16, 
authorities agreeing in stating its diameter), and refer all wires 
to thiB standard. Another proposal is to use a scale in which 
No. 1 represents a wire weighing 25 lbs. per mile, and taking 
this as a standard, No. 2 weighs 50 lbs., No. 3 75 lbs., etc.; this 
scale has much to recommend it, being exceedingly simple and 
practically useful — it is used for line wire in India. The Indian 
authorities use the Whitworth gauge, but recognise only the 
gauge by weight, and specify that in case of dispute as to size a 
length of 10 feet is to be weighed. Mr. Whitworth has pro- 
posed a decimal scale, the difference between the sizes being a 
regular number of thousandths of an inch ; this scale is in use. 
In this scale, termed the Whitworth Standa/rd Decimal Gauge, 
No. 1 is the same size as No. 1 B.W.G., viz. diameter -300 inch; 
the sizes decrease in diameter by regular decrements of '020 inch 
to No. 7 diameter '180* ; the diameters are then as follows : — 



No. 








DIuneior. 


8 . . . . -165 inch 


9 








. ^150 „ 


10 








•13? „ 


11 








•120 „ 


12 


• 






. •IIO „ 


IS 








. -095 „ 


14 








•085 „ 


15 








. ^070 „ 


16 








. -065 „ 


17 








. ^060 „ 


18 








. ^050 „ 



The several scalea proposed are arranged to approximate closely 
to the present scale (B.W.G.), in order to avoid as far as possible 
the inconvenience consequent on change of standard. The system 
cf distinguishing a wire by the weight of a mile has been partially 
introduced in the case of copper wire, it ib sufficiently ^BKscurate 
for ordinary use in construction; wire is bou^bt weAV^^xvoiss^^ 
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pttiii for by weight J its weight enters into calculations of t< 
of land lines ftnd cables, and electrical conductivity is directiy 
proportionate to weight ; but a wire gauge HhoiUd be applicable 
to all |}urpose9, and the decinial gauge appears that most generally 
applicnble in engineering works and accurate investigations. It 
in tiiiuaS to titato the diameter of the wire or its area, and CDa> 
tinental authorities distinguish wii-es by their diameters, wirai J 
have to be drawn with reference to diameter necessarily ; whilft \ 
the use of the weight rather than the diameter aa a basis for tbe 
scale the space being ijnperfectly defined in objectionable on 
scientific grounds. The real object of a gauge is to distinguish 
not mans but volume ; a statemeut of the volume conveys a dis- 
tinct idea of the wire — i. e., whether thick or thin, easy or difficult 
to work, &c., the quantities considered being email, readily appre- 
ciable by the senses, and closely associated in the mind in th* J 
com|)lex idea. The statement of one dimension and the weight 1 
does not convey a distinct idea, the connection between the ideuj 
of weight and length being &r less close than that between thoat 1 
of lengtli and transverse dimensions, and the quantities considered* 
(one miie in length and its weight) are too vast to be appreciiiblo 
by the senses — e.g., dimneler ''lol" eoiwi-ys a more distinct idea 
of the wire than tlie statement that one mile weighs 900 lbs. 
These considerations have led to the general adoption hitherto of 
gauges by diameter rather than tjiose based on weight — it appears 
better to strictly define the volume than to introduce the mass. 
The cros.^ sectional area in square inches niulti]>lied by ten is the 
weight of a yard in pounds, a cubic foot of iron being assumed to 
weigh 480 lbs. ; and the relative weight of different sized wires is 
as tjie squares of their diameters ; hence, from the volume may be 
readily calculated the weight with sufficient accuracy for ordinary 
purposes. Stranded wire is very generally used for town lines 
and long spans, it is made eitjier of tliree or of seven wires. The 
advantage of using stranded wire appears to be due to the fact 
that several thin wires are more fiexible, and will bear bending 
better, than one wire of equal sectional area and degree of hard- 
ness; hence, in the stranded wire a greater degree of hardness, 
and consequently higher tensile strength are admissible, than 
in the single wire. Telegraph wire is, as a rule, made of "best 
best" quality iron; sometimes inferior quality is used for bind- 
ing to insulators, but as a rule, good quality wire is the most 
economical for all purposes. 

334. Wrought iron is used for fastenings, both for wood and 
brick and stone ; it is better suited for connecting timber than 
cast iron, being more like timber in its mechanical proper- 
ties. For cramps for stonework it is inferior, as it is mors 
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liable to corrode, and by its expansion split the stones. Its 
liability to corrosion renders it inferior to cast iron when to be 
buried in the ground, and when possible structures of wrought 
iron should have plinths of cast iron, stone, or wood, to which 
they may be attached by bolts or otherwise. "Wrought iron 
huts built of continuous or corrugated sheet iron and angle and 
T iron are very often employed for cable huts in situations 
where difficulty is experienced in getting a durable building 
erected by labour and of materials found near the sita These 
huts are somewhat expensive as a rule, much more so than 
huts of matting and bamboos, planks, bark, or other perishable 
materials ; but they are lire-proof, they do not require frequent 
inspection to insure their safety, they are very durable if placed 
well above high-water mark, and if kept painted they can be 
removed from any place where no longer required — a great advan- 
tage when used for river cables, as when a cable fails the new 
cable is not always laid in the same situation as the old one was. 
A hut is not always used to contain the junction of land lines 
and cables, a hollow post serves the purpose equally well ; but 
when the offices on a line are far apart, and travelling difficult 
and slow, as in India, the hut serves as a storehouse for tools 
and materials, as a testing station, a rest-house, and when the 
river cable fails as a temporary office; the messages are received 
and despatched at each bank hut, and conveyed between the 
two huts by boats. The huts are 8 to 10 or 12 feet square, 
usually bolted to balks of timber (white ants not attacking wood 
in such situations) to form a foundation ; but as the foundation 
is merely superficial (Paragraph 250), the ground is liable 
therefore to be disturbed. In exposed situations on banks of 
made earth the foundation should be deeper, or three or four 
ties should be thrown across the roof and anchored on each side, 
in the same manner as pole ties, they may be furnished with 
ordinary adjusting screws. A hut tied down sinks with the 
earth, but cannot be overturned ; without such precaution if the 
bank be injured by heavy rain and flooding, the hut may be 
destroyed by a violent storm, the weight of the structure being 
insufficient for stability under such conditions. Wrought iron 
is used in preference to cast iron when required to be long com- 
pared with its lateral dimensions, and at the same time strong; 
thus insulator stalks, stays for chimney stacks, long light arms 
for insertion in brickwork, <fec., are preferably made of wrought 
iron ; cast iron being weak is inapplicable, but malleable cast 
iron is now used for many purposes to which wrought iron was 
applied formerly, particularly for small thin masses. When the 
wire is suspended by the insulator stalk the latter is g<2n<&r^V| 
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of wrought iron, sometimes of steel ; cast iron has lieeo used for 
stalks supjioi-ting insulators, but the ma-terml has been foimd 
uiiauitftble, a-nd wrought iron is the materiAl now almost invari- 
ably emiiloyed. Short wall braokets to oariy two imiulatora are 
usually of malleable cast iron, but loug brackets slinuld be of 
wrought iron; many post fittings, aa pole roofa, lightning dia- 
cb&Fgers, &c., are of malleable cast irou; but long thin fittings, 
as shackle straps, should be of wrrought b'on. Tools, exoepting 
the smallest cutting tools, are of wrought iron edged with ateel; 
small cutting took commonly have shanks, bolsters, aad tangs 
of iron. In alt tools care should ba taki-n io have a sufficient i 
mass of steel in the edge to admit of the tool being repaired and I 
sharpened; in India good rough tools maybe obtained i 
villages, but they contain so little steel they are soon wor 
{unless made to order under supervision). Cure should be takeal j 
to keep all iron tools well steeled. 

335. The commonest modes of preserving ironwork from o 
sin n ore galvanising and tinning (Paragraph 311); the coating 
should be smooth and even, and it should not spring off wh«n 
the metal is bent; to ensure adhesion the iron should be raised 
by immersion in the metal to the temperature of the bath. When 
the zinc has been removed from a galvanised wire in cleaning it 
before making a joint, the whole surface denuded of zinc should 
be carefully tinned before binding the joint. I>rying oil is 
sometimes used as a siirface protector for line wire, because less 
costly than galvanising; it should be applied hot, or the iron 
should be heated. Oil paint is commonly used, and several kinds 
of paint, termed " anti-corroaive" by tlie manufacturers, are sold 
for application to ironwork. For [mint to adhere well the sur- 
face of the iron should be rough, but before painting all loose 
scale should be scraped off. Wlienever practicable ironwork 
should be of such design that the whole surface may be examined 
and approached for cleaning and painting; men engaged paint- 
ing inside work with ordinary lead paint should come out at 
short intervals, as the vapour from the paint in a confined space 
may cause fainting and sore eyes. Other presei'vativcs used for 
ironwork are tar, various mixtures of tar and oil, and black var- 
nishes. For small work Paris enamelling, ordinary varnishes, 
and lackers used thin, the iron being warmed, and for fine cut- 
ting instruments mercurial ointment are used ; cutting tools 
packed for export may bo painted. When in store iron is more 
liable to rust than when it is in use, vibration being a powerful 
preservative; therefore ironwor^ to be kept long in store, parti- 
cularly tools, should have a temporary protective coating. 

336. Coat iron is for many purposes inferior to wood, or 
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altogether inapplicable to purposes to which wood is applied, 
being heavy, brittle, and not admitting of use in thin plates, as 
is the case with malleable iron ; malleable iron may be used to 
supersede wood in almost all cases, and in most cases with great 
advantage, its greater cost being in general the cause which 
militates against its adoption. The principal advantages pos- 
sessed by iron over wood as a material of construction are the 
following: — Iron may be made into any form which gives the 
maximum strength for a given mass of material ; therefore, as a 
rule, structures in iron are lighter than similar structures in 
wood, this is particularly the case when the structures are of 
large size. Structures in iron are more readily transported , 
because they may be made in hollow pieces to pack together, 
they may be made in smaller pieces than timber structures, and 
they are commonly lighter. Structures in iron may be erected, 
taken down, and re-erected without injury. Ironwork is not so 
liable to hidden defects as wood, and it is more durable; it is 
safer because its mechanical qualities are not liable to be 
changed by excessive dryness, heat, and moisture, and it bends 
under a shock which might split wood. The joints in ironwork 
and the mechanical properties of the material are such that a 
structure in iron acts more like one piece than a collection of 
pieces; timber, on the contrary, caiinot be joined so perfectly; a 
wooden structure overloaded as a whole separates into its com- 
ponent pieces, whereas a similar structure of iron is stronger, 
because if well constructed it can only suffer collapse as a whole. 
Iron is more expensive than wood in small structures, but in 
large pieces it is commonly less so — e. g., in most situations a 20 
feet pole of iron is very costly compared with a similar pole of 
wood, but a 100 feet mast may in most cases be built of iron at 
a less cost than it could be bmlt for of wood. The cost of iron 
poles of ordinary sizes varies between three and five times the 
cost of similar sized wooden poles. The first cost and absolute 
durability of ordinary sized wooden poles are such as to make 
them in general cheaper than iron ones, hence they are so fre- 
quently preferred; it is a fallacy to assume iron is more economi- 
csA than wood because its durability bears a greater ratio to the 
durability of timber than its first cost bears to that of timber; 
one author has asserted that timber poles last in some climates 
only two or three years, and under the most favourable circum- 
stances rarely longer than six ; reference to Paragraph 209 will 
demonstrate that this author has very much under-estimated the 
durability of timber. In India they certainly last much longer 
on an average, they also last much longer in England, and the 
author personally consulted two officers of the French Govern- 
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ment Telegraph Service on the subject, nnd they agreed in 
conaideriiiR twelve years as the average life of a wooden [loat in 
France; M. Bluvier's estimate in higher. In calculating the 
relative economy of iron and wood, it must he assumed the 
diU'erencB of cost in favour of wood is placed at compound 
iiiterest at the current rate, and it will be seen that wood might 
iwssibly be the mere economical, even if the iron pole lasted for- 
ever without dBteriorating in value, 

Divisiotf III. — Steel and Steely Iron. 

337. Steel contains carbon in proportion intermediate between 
the ])roportion contained in cast iron and in wrought iron respec- 
tively. The processes of its production may be divided into two 
classes — in one the object is to extract the excess of carbon &tim 
cast iron, in the other to cause carbon and wrought iron to com- 
bine. Processea of the former claaa are employed for producing 
large quantities of steel for engineering works, and when the 
tinest quality is not admissible by reason of its costliness. The 
product is inferior as a rule to that produced by processes' of the 
second class, from the grwiter ilifficujty in ensuring puntv in 
cast iron tjian in wrought iron; but it i.s less C(>stl)- by reason 
of the comparative cheapness of the material employed, the 
greater simplicity of the processes, and the fact that it is pro- 
duced in large masses suitable for working into plates and bars 
without previous working, to ensure homogeneity and weld small 
pieces together. Processes of the second class are employed to 
produce steel of fine quality, as for cutting instruments; and the 
best qualities of wrought iron are employed. Steel is produced 
by puddling (Paragraph 304), the process being stopped when 
the quantity of carbon in the cast iron has been sulficientl_v 
reduced to convert the cast iron into steel. It is produced by 
the Bessemer process (Paragraph 304) by stopping the process 
of conversion when the proportion of carbon has been suflEciently 
reduced, or by carrying it on until the whole of the carbon has 
been oxidised, and then adding carbon, with silicon and man- 
ganese, to the melted malleable iron. The treatment of the 
bloom or ingot produced is the same as that described for 
wrought iron (Paragra|)hs 304 to 306) ; and the steel produced 
is rolled or forged iuto bars, plates, or other forms, in the same 
manner as wrought iron. Blister steel is made from wrought 
iron by a process termed cenu^nlalion, which consists in heating 
iron bars in a closed chamber for several days in contact with 
charcoal. The bars are not completely converted into steel, they 
have a skin of steel while in the interior they are wrought iron. 
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or only partially converted. The surface of the bars has a blis- 
tered appearance, hence the term blister steel. When a similar 
process is applied to articles of wrought iron, to give them a 
skin of steel in order that they may be highly polished or more 
durable, it is termed case hardening. Blister steel not being 
homogeneous, to render it so it is either worked or melted and 
cast into ingots. In the former case the bars are rolled together 
at a welding heat and the mass repeatedly worked, the product 
is termed shear steel; in the second case the blister steel is melted 
with a little additional carbon and manganese, and the product 
is termed cast steel. Cast steel is also made by melting wrought 
iron in a closed vessel with the proper proportion of carbon and 
some manganese. There are other processes for making steel, 
but they are either not so generally employed or the details of 
them have not been published. Homogeneous metal is intermediate 
in composition between malleable iron and steel j it is made by 
melting iron with a smaller proportion of carbon than is requisite 
to form steel, as described for making cast steeL Malleable cast 
iron is described in Paragraph 296. For blister and cast steel the 
purest iron is used; Swedish and Russian charcoal irons are ex- 
tensively employed for the purpose. The composition of the steel 
can be regulated in manufacture according to the purpose for 
which required; for engineering works as a rule a mild form of 
steel is necessary, whereas for some kinds of tools a very highly 
converted steel is requisite. Good shear steel makes good tools 
— it is used for heavy rough tools and inferior quality cutting 
tools; but cast steel is better in appearance, and is used for the 
best qualities. Blister steel is used for files, rasps, and other 
tools; but generally cast steel is employed. Blister steel will 
bear a greater heat without injury when forged than cast steel; 
the latter is more difiBcult to weld than either blister steel or 
shear steel. • Steel, like iron, requires to be worked to develop 
its strength ; it is cast under pressure, and treated in a similar 
manner to cast iron, to prevent porosity and increase its density. 
Very inferior articles are sometimes cast of steel ; the material is 
termed technically run steel. It is commonly termed ca^st steely 
and the articles are made to imitate forgings of cast steel proper; 
not having been worked but cast, they are very deficient in 
strength. 

338. Steel is distinguished by the capacity for being hardened 
and tem|)ered. If raised to a high temperature and suddenly 
cooled by immersion in water, oU, or by other means, it is 
hardened; wrought iron is also somewhat hardened by such 
treatment, but steel may be made extremely hard, so hard as to 
scnitch glass. The hardness of steel may be t^\x»^ Vj Umv^on.'^.^ 

E 
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to any fpquired degree of softness, almost to its arigimil iital« 
previous to harJening. Tempering ia parformeJ Ity j^mdiulty 
heating the hardened steel and observing the changes of colour 
on a ]iart of its surfiioe rublxid bright for the purpose; thit temper 
is designated by this colour. Thi- first yellow visible iodicatca 
inin-casi? nf toughness withont sensible softening, a deeper yellow 
approaching to orange indicates the temper suited for tools fur 
working metals, a deeper orange suited for wood-cutting tools, 
and blue for springs, white follows blue and indicates Bofl«aiug 
to almost the original state. Steel ia stated to be tougher, tf 
instead of being made very hard, and the hardness reduced, it 
te lieatod to a dull red only, and thus hardened to a lower 
degree so that tempering is dispensed with. Steel expands la 
hardening; the most highly converted Hteel hardens at tba lowent 
ten)|>erature, and eiqiands most. As steel is injured by Iteatiug 
unletis great care be exercised, it should be hardened at the 
lowest practicable temperature; and aa small objects may be more 
suddenly cooled, they do not require so high a temperature as 
larger ones of the same stecL Mr. Kirkaldy states, steel is 
reduced in Htreugth by hardening in watpr, but its strength is 
vastly increased and it is rendered tougher by hardening in oil ; 
the increase of strength is greater in uie latter case the liigher 
the tenipei-ature at which the steel ia hardened, provided it be 
not burned, and in highly converted or hard steel than in soft 
or less converted steel. Steel plates hardened in oil and rivet«d 
together were found fully equal in strength to an unjointed soft 
plate; the loss of strength by riveting was more than counter- 
balanced by the increase of atrength due to hardening in oil. 
The hardening of steel ia supposed to be due to an action similar 
to that which takes place in grey cast iron when suddenly cooled, 
the hai-dcned steel being regarded as analogous to granular white 
cast iron (Paragraph 206). The density of steel varies from that 
of the best wrought iron, about 7'75 to about 7-9; the more highly 
converted steel is not necessarily the denser ; cast steel ia much 
dciiser than puddled steel, which may be less dense than some of 
the best qualities of wi-ought iron. A cubic foot of ateel may vary 
in weight between about 484 and 493 Iba. The expansion of 
steel by heat is, on an average, somewhat less than that of wrought 
iron, and varies as the ateel is hardened or tempen-d. The linear 
dilatation, between 32° and 21 2"?., was in Smeaton's experiments, 
l-)^16th for tempered, and l-870th for untempered steel; in the 
experiments of Lavoisier and Laplace the dila^tions were l-807th 
and l-927tb respectively ; Troughton's experiments gave l-840th, 
the condition of the ateel is not stated. The soft steel used 
Ar construction differa very Wttle in this respect from wrought 
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iron, and the same co-efficient of expansion may be used for it 
without risk of sensible error (Paragraph 310). The presence of 
a small quantity of manganese renders steel tougher and easier 
to work, but is not essential to good steel. The addition of -05 
per cent, of silicon to melted steel prevents bubbling. The effects 
of impurities are the same as stated for wrought iron. The 
presence of carbon is essential to steel, iron containing more 
than '25 per cent, of carbon is steely ; when the proportion is 
between this and '5 per cent., the material is termed steelf/ iron, 
semi-steel, homogeneous metal, &c., according to the mode of 
production ; the mechanical properties of these compounds being 
intermediate between those of wrought iron and steel. When 
the proportion of carbon is between '5 per cent, and 1*5 per cent.^ 
the compound is termed steel, but by some authors compounds 
containing less than 2 per cent, of carbon are classed as steel. ' 
Toughened cast iron being made by the addition of l-7th by weight 
of scrap iron to molten cast iron, it contains 1 '75 per cent, of carbon, 
and as steel containing 1-75 per cent, of carbon cannot be welded, 
it appears reasonable to apply the term steel to compounds con- 
taining less than 1-75 per cent.; between this and 1*9 to 2 per 
cent, the term toughened cast-iron is applied, and when the pro- 
portion of carbon reaches 1*9 or 2 per cent., the compound is termed 
cast iron. The larger the proportion of carbon in steel, the greater 
the difficulty and uncertainty of welding it, its liability to burn 
or be injured by heating, and the lower the temperature at which 
it runs. The material employed for engineering works is soft 
steel or steely iron containing a little carbon; for heavy tools, 
shear steel containing a medium proportion of carbon, and for 
fine cutting tools, cast steel containing 1 to 1*5 per cent, are used. 
Mr. Kirkaldy found steel fractured by a tensile load applied 
gradually presented a silky fibrous appearance ; when fractured 
suddenly he found the fractured surfaces invariably appeared 
granular, as described for wrought iron (Paragraph 317) ; in the 
former case the surfaces of fracture -diverged more or less from an 
angle of 90® with the axis of the bar, in the latter the section of fruc- 
ture was always at right angles to the axis. The granular fracture 
of steel differs from that of wrought iron in being almost fr^e from 
lustre, instead of presenting a brilliant crystalline appearance ; 
the difference is well shewn when an iron bar with a steel skin 
is fractured. Hardening, by rendering the steel brittle, favours 
sudden failure, and consequently production of the granular 
fracture. As with iron, it is necessary in considering the 
strength of steel to consider its toughness as well as its tenacity; 
very hard steel is very tenacious, but being brittle it is \!jB&\K*ftAL 
to resist shocks. Very hard steel ia sui^^ ioT wvccl^ ^xxr^waRs^-* 
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whereas the ■ extremely soft , La suitable for others ; the hard 
brittle material used for tuetal- working tools is of a nature 
unsiiited to enginiicriag works, the material of which should 
lie fitted to resist shocks and to give notice of impending 
fracture by exhibiting struJn ov tuking a set. ■ The tenacity of 
steel varies with its degree of hardness, mode of production, and 
niajiner and degree of working ; the most extreme limits are 
22-3 aud 68-26 tons per square inch ; the former is given by 
M. Prud'homme for cast steel, the latter by Mr. Wilmot for 
Bessemer bar. Tlie extremes stated by Sir W. Fairbaim are 
27 and about CO tons, those given by M, Prud'homme are G3-a 
and 22-3, but these authors agree in. stating the average as -tS 
tons ]ier square ineli. . In practice bars vary Ijetween about 14 
and 58 tons per squHre inch, p)atE« average 33 to 35. The steel 
used for consti^ction is not a highly converted steel ; it gene- 
\fCl\y contains, less than '5 per oent. of carbon ; it has not a 
high teuacity, and is not used hard. For mild steel plates the 
tenacity should not in practice be considered higher than 33 to 
35 tons per square inoli, but for mor« highly converted steel in 
bars 48 tons is n, fair avera)(e. The tenacity of pmldlixl bars 
varies between about 28 ivnd 42 tons ; that of plates between 37 
and 45-8 tons; that of blister bar is stated at 46-5 tons, and 
shear bar at 52 tons per square inch (Kirkaidy). Cast steel 
bars vary in tenacity from 22-3 to 46 tons per square inch ; the 
hardening wcis found to raise the tenacity from 38 to 46 tons 
(Kirkaidy). Homogeneous metal rolled bars vary in tenacity 
from about 405 to about 415 tons; forged bars have a tenacity 
of about 40'5 tons, and plates 32 to 43 tons. Bessemer steel 
ingot has a tenacity of about 28 tons, the hammered or rolled 
bar reaches 68 tons, rolled and foiled its tenacity is about 50 
tons per square inch, and the minimum tenacity of plates of 
mild steel is about 33 tons. The tenacity of steel wire may vary 
from that of the soft bar to that of steel piano-forte wire ( 100 to 
120 tons per square inch); the tenacity of homogeneous metal 
wire may be considered somewhat more than twice that of soit 
iron wire. A tenacity of 53 to 54 tons per square inch of 
sectional area may be specified for small-sized homogeneous wire 
as used for cables — e.g., the homogeneous wire in the French 
Atlantic cable, diameter '1', has a tenacity of 950 lbs., a load 
equivalent in intensity fro 54 tons per square inch ; tho tenacity 
of the homogeneous wire for the Great Westei-n cable, diameter 
■095, was specified 850 lbs., equivalent to 53-5 tons per square 
inch. Steel rolled from the ingot is better than that made from 
bara piled together, and the Bessemer process produces a uniform 
material suited to engineering ^M.T\Kia«a but slightly more costly 
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than iron, removing one of the principal objections to the employ- 
ment of steel, absence of uniformity in quality ; as steel does 
not weld so easily as iron, its strength depends 'more on the 
mode of its manufacture. There is a slight difference between 
the longitudinal and transverse tenacities in plates and bars ; in 
homogeneous metal and cast steel this difference is very slight 
and not of practical importance, in puddled steel the difference 
is greater. It depends on the manner in which the • bars are 
piled, and in plates may reach 17 per cent. The ultimate exten- 
sion of steel is very variable, in mild soft qualities it may be 20 
per cent, or even higher; in mild Bessemer steel suitable for 
engineering purposes it is about 8 '5 per cent.; in cast steel plates 
it may not exceed 3 per cent., and in puddled plates it may be 
as low as 1*3 per cent.' and as high as 12*5 per cent. The 
highest quality homogeneous metal in plates may stretch 14 per 
cent, before rupture, but the proportion is -usually much less. 
As wire the ultimate ' elongation is about equal to that of 
ordinary iron wire; 18 per cent, may be specified if short 
lengths are tested. Homogeneous ' wire bears the torsion test 
for ductility better than ordinary iron wire, ' and it bears this 
test better than the elongation test (Cully). > The resistance of 
steel to crushing varying with its quality and degree of hard- 
ness, no useful constant can be given — 88 and 175 tons per 
square inch are stated as extremes ;* Sir W.Fairbairn's experi- 
ments, the specimens being of small size, gave ^100 tons. The 
transverse strength of steel in pounds weight on a bar of one 
inch square section and one foot span was found by Sir W. 
Fairbaim to vary between 3333 and 6333 lbs. ; Mr. Kirkaldy 
gives 6403 lbs. as the constant for hammered steel. The 
modulus of elasticity in Sir W. Fairbaim's experiments varied 
between 22,000,000 and 34,000,000, and was on an average 
31,000,000. The following are from Professor Bankine's Civil 
Engineering: — 

Teoadty. ModnlnB of ElMttoitj. 

Soft Steel, 90,000 29,000,000 

Hard „ 132,000 42,000,000 

The modulus of annealed steel wire, specific gravity 7*622, was 
found to be 24,575,000 at ordinary temperatures, at 212° F. this 
was raised to 30,285,000 ; the modulus of annealed cast steel, 
specific gravity 7*719, was at ordinary temperatures 27,822,000, 
at 21 2** F. it was 26,044,000. The proof strength of steel is about 
one-third its ultimate strength, this is the proportion assumed in 
practice ; it is sometimes stated as nearly one-half, but one-third 
is generally used, and should be adhered to in the present state 
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of knowledge of the Bubjeet. From the moduliin of elastidtf -1 
BQil proof strength may be calculated the modulus of resilieoM | 
(PaiiLgiiiph S7). The resistance to shearing is equal to about 8" 
per cent, of the teiiticity (Kirkaldy). 

339. The [niaoiples and practioe of joining steel are the wua 

as doBciTbed for ii-oii; Mr. Kirkaldy xtHtes the diameters uf riveU i 
should he proportionately greater than for iron. The means 
employed for the preaervfttion of steel, and the advantages of 
employing it as compared with wood, are the same as described 
for wrought iron; steel ia, however, move expennive but atrouget 
tliari iron. Ab wire, the intensity of load oa steel may be twioa ' j 
that rtdmiRsible on wrought iron, and in eogtneenng works geuo- ' 
rally mild steel may be loaded [lO per cent, in excess of wrought . 
iron, Authoritiee agree in stating H Ui 10 tons per square iuc& J 
as the maximum iDtensity of atreas admissible in straetiins 1 
of steel plates ; ordinarily 8 tons is the highest admissibl*, | 
but an steel varies widely in strength 10 tons may be pamitted 
when tin.' plates are known to be a>bove average qnaltty. Mora 
care ia necessary in punching steel thuiiron; steel plates m»y be 
reduced in strength 30 per ct>nt. by punchinj as coiniiared with 
drilling, but annealing restores the onginnl strength, in sub- 
stituting steel for iron economically it should be considered that 
if too thin, steel may rapidly be rendered unsafe by corrosion, or 
it may be liable to failure by buckling; in wrought iron extra 
thickness may bo allowed to resist these sources of insecurity, in 
steel excess is less admissible by reason of the greater cost of the 
material. Steel has not hitherto superseded iron, by reason of a 
want of uniformity in the mechanics.! properties of steel plates 
and bars ; but greater cci-tainty has been attained in the manu- 
facture of steel, particularly by the introduction of the Bessemer 
process, and being produced cheaply and of uniform quality it is 
superseding ii-on, particularly for structures where lightness has 
to be combined with strength. Steel is slightly more liable to 
ciirrosion than wrought iron, the rulativt; o.\.id;itions in moist air 
arc stated to be — 

Cast iron, . . . -42 

Wrought iron, . . , ■.>4 

Steel, .... -50 

340. For the blades of heavy tools when thin, as in spades, 
Ithaoi-as, i'c, shear steel is the best material; it is easier to weld 
than cast steel, and is very durable; it may be used for axe- 
heads, and is generally applicable to thin woodcutting tools. 
Pickaxes, crowbars, jumpers, and other tools acting by their 
weight and required to have dui-uble points or edges, are made 
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of iron steeled at the end — the steel should be renewed from time 
to time as it is worn away. Files were formerly made of blister 
steel, but as a vast number are worn out old files are re-melted, 
and files are therefore as a rule made of cast steel. The finer 
kinds of cutting tools, as chisels, plane-irons, drills, <&c., are 
made of cast steel and iron welded together; the edge or blade 
being of steel, and the haft, bolster, or greater part of the blade 
of iron. For tools required to be used hard a highly converted 
steel is necessarily employed, but as mild a steel as practicable 
should be used, as easier to forge and weld; the more highly con- 
verted the steel the more liable it is to.bum, and the greater the 
difficulty and uncertainty of welding it. Shear steel sufiers less 
by heating than cast steel, and it is much more readily welded 
both to steel and iron. Iron and steel are welded together in 
the following manner: — The iron is placed in the Imttest part of 
the fire, the steel is only heated just sufficiently, prolonged 
exposure to the fire being avoided; when both are heated to 
the required degree they are slightly dipped in borax or sand, 
as a fiux, and hammered together. When cast steel is to bo 
welded the steel is not so highly heated in the fire, it is brought 
up to the welding heat by contact with the hotter iron and 
hammering; experience and considerable skill are necessary to 
ensure soundness in the joint without burning the steel. As a 
rule tools should be used as soft as practicable, and as a general 
rule axes, mortise chisels, and many other tools liable to be un- 
skilfully used should be softened before use, being frequently too 
hard as obtained in the market; if the edge of a tool be turned it 
may be more readily repaired than if chipped. For the angles 
of cutting edges, sharpening, and other particulars of tools, see 
Chapter IV. section 2. 

341, Steel is used in preference to iron for hooks for cranes, 
and for insulator hooks for suspending line wires; it is commonly 
used for spindles when lightness and durability are required to 
be combined ; it is used for spindles in the best pulley blocks, 
and might with advantage be used for the bolts and plates 
forming the shells, and for the hooks of light blocks used for 
straining line wires, lightness being of great importance. It is 
the best material for the spindles of crane and crab barrels. 
Sometimes spindles are case-hardened to give them a hard 
surface to resist abrasion, but case-hardened iron is inferior in 
tenacity to ordinary wrought iron. Steel is not applied to oval 
linked chains, being difficult to weld, but it is applicable to fiat 
linked or long linked chains generally, and may be used with 
advantage for the connecting pins in iron ties. The advantages 
of steel as compared with iron are : — ^The greater degree of liaxd.> 
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neas wliicli cau be given to its Burface. fitting it to resist wear na 
Bpiiidles, piiia, and similar bodieH; and its lightness fitting it for 
use wLere iiortability or reduction of internal !oad are of impor- 
tance; tlie cost of steel is, however, much greater than that of 
iron, and this in the principal obstacle to its more gener&l 
employ m en t. 

342. Steel is not in use for the constriiotion of telegraphs, 
excepting as line vire tor loug s|>nn.s; telegraph posts might be 
made of steel plate when required of large size or exceptionally 
strong, but in ordinary posts it cannot be employed economically, 
for plate iron is already used as thin as admissible, and if steel 
were substituted it could not be used thinner than the iron. 
Mild Hteel, as homogeneous metal and homogeneous Bessemer 
metal, lire used for line wire in towns, and for exceptionally long 
spans; for towns it ia convenient, as thin light wire is required, 
and steol wire may be used much thinner than iron wire; for 
long spans uteel wii-e may be employed %rith advantage, its 
modulus of tenacity being so mnch greater than that of iron 
wire. Id all cases a, soft steel should be used to avoid brittle- 
ness, therefoi-e homogeneous metal is \ised whenever admissible 
in preference to steel proper — the use of the latter is exceptional. 
For town tines, when the object of employing steel wire is to 
diminish the weight of the wire, mild steel may be employed 
more economically than when the object of its employment is 
simply to increase the spans without reducing the conductivity, 
because in the former case the weight of steel used is less than 
that of iron. Whenever pi-acticable when steel wire is used, it 
should be used of smaller size than iron wire applied to the same 
purpose, the object being to reduce the difference in cost — e. g., 
for iron line wires No. 8 may be regarded as the average size, in 
steel No. 10 is more commonly used. 

Section II. — Copper, Zinc, Lead, Tin, and Alloys. 

343. Copper is corroded by unctuous bodies, dilute acids, and 
prolonged exposure to moist air; it ox.idisea if heated to redness 
in contact with air, the scales of oxide fall off and expose fresh 
surfaces of metal to oxidation, so that the metal wastes sensibly 
if the operation be repeated. When exposed a film of carbonate 
forms on its surface, and unless this bo removed by a mechanical 
operation or the action of an acid, it serves as a protection to 
the metal beneath and prevents further corrosion. Nitric acid 
dissolves copper rapidly, but muriatic acid, strong or dilute, dis- 
solves it only with access of air. Strong alkaline solutions do 
aot act upon it as they do not contain air, but weak solutions, 
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particularly of ammonia, with access of air rapidly dissolve it. 
It is not corroded by dry air. The texture of very soft copper is 
crystalline, that of hard copper fibrous, lightish-red and silky. 
The density of copper varies between 8*6 and 9, when melted it 
is supposed to absorb oxygen and thus become porous. Its 
specific gravity when cast under common salt is 8*921, if melted 
in contact with the air without such precaution its specific 
gravity is 8-6 to 8*78; it may be increased to 9 by hammering. 
The specific gravity of cast copper in practice is commonly 8*6, 
a cubic foot weighs therefore 537 lbs. The specific gravity of 
sheet copper averages 8*8, its heaviness 549 lbs. per cubic loot; 
when hammered the averages are 8 9 and 556 lbs. respectively. 
The specific gravity of copper wire is about 8*899, and its 
heaviness 555*5 lbs. per cubic foot. The melting point of copper 
is commonly considered near 2000° F. : a low estimate, that of 
Daniel, is 1995°; a high one, that of Guyton Morveau, is 2204° F. 
Its strength is reduced by one-third at 600** F., and by one-half 
at a dull red heat. It Expands 3-^ of its linear dimensions by 
elevation of temperature from 32^ to 212** F. If heated carefully 
to a low red heat, copper bars may be worked by the smith in 
the same manner as iron. When rolled drawn or hammered, it 
is rendered brittle, and requires to have its ductility or malle- 
ability restored by annealing. The effect of heating and sudden 
cooling on copper is the reverse of that on iron and steel, copper 
being softened by this treatment. The tenacity of cast copper 
may be as low as 7*5 tons per square inch, and as high as 11*5, 
it is on an average about 8*5. The tenacity of sheet copper 
averages about 13*4 tons per square inch, that of wrought bolts 
and bars 14*75 to 16 tons according to quality, the higher 
tenacity being that of the purest and most carefully worked. 
The tenacity of the best wire is stated as high as 27 tons, but it 
varies widely in practice according to the degree of hardness, 
and in hard wire according to size; if very soft the tenacity does 
not exceed that of bolts, in practice it is commonly stated at 17 
tons per square inch ; this estimate is that applicable to copper 
wire as usually employed. The tenacity of the purest copper 
wire as used for cable core varies from little over 15 to 17*5 tons. 
The following rule is applicable to this wire : — the strength of a 
wii-e or strand is 1 J lb. per pound weight per knot — i. c, a 
strand weighing 200 lbs. per knot would carry 300 lbs. The 
modulus of elasticity of copper wire, tenacity 27 tons per square 
inch, is 17,000,000 (Rankine); the modulus of soft copper at 
ordinary temperatures is 14,960,000, at 21 2** F. 13,971,000, and 
for unannealed copper 17,000,000. Copper as used for cable 
core stretches 10 to 15 per cent, before breaking; it stretches 1 
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per cent, witli two-thirds, and slionid not stretch sensiblj with 
five-eigh tha of its ultimate load. The ndditioii of 3 to 4 per cent 
of phoaplionis to copper inore&ses its tenacity and hardness, but 
ftlso its liiibility to oorrosion. Copper straaded wire in cables is 
nsuallT designatRd by the weight per knot. Copper afaeet ma; 
be riveted as iron and soldered. Copper bits are cioinmonly 
used ns soldering tools, the artTantagcs of ufiin^' iron not having 
been recognised, but copper should only bo used for small work. 
Copper in cables and thin wire in delicate apparatus, wheu 
practicable should be soldered with silver, as the mcital is readily 
attacked or gnawed by the solder. Oast copper is liable to b« 
porous, and hence phospiiorus or 2 per oent. of zinc is advan- 
tageously introduced to increase its hardness and density. 
Copper is very useful for lastening timber under water; and in 
aheet, copper and several of its alloys are useful for covering the 
heels of masts and woodwork generally to protect its surface 
against insects and mechanical violenoe. For electrical purposes 
the purest copper procurable ib lued ; it is usually tested for 
electrical conductivity, and a conductivity 90 per cent, of that 
of pure copper may be insisted on ; for mec^ianical purposes 
copjipr alloys are genoi'aliy cniployi:d. p^irticuliirly tlio.^i? with 
zinc (brass). The wire used for electrical connections ia used 
soil, and is usually joined with a twisted joint soldered or not 
according to requirements. Single wire covered with gutta- 
percha or Intlia-rubber is not joined by the twisted joint in fine 
work, but by a acarf or lap joint bound with fine wire. Stranded 
■wire is used for cable conductors because less liable to be broken 
by bending and more flexible. Stranded wires are joined by a 
scarf or a]>lice joint (Paragraph 447), The following rules arc 
useful ; — Tlie weight per knot of copi>er wire of diameter d in 

d^ 
thousandths of an inch is for a single wtro — , and for a stranded 

conductor about ^^ j the weight of a wire per statute mile is 
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Ihs. Copper wire is not used alone for overhead wires; in 



America a compound wire is used consisting of a core drawn 
from cast steel, this is tinned covered with a ribbon of copper 
put on helically, the compound wire is then jiassed through a 
bath of molten tin to cause adhesion between the copper ribbon 
and the core. The inventor claims for this compound wire as 
compared with iron wire in general use, greater durability, par- 
ticularly near the sea, and greater tensile strength with a given 
electrical resistance and weight. A sample containing 120 lbs. 
of steel and 80 lbs. of co\>pct \)et statute mile, had an ultimate 
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tenacity of 1051 lbs. and an electrical resistance of 9*38 ohma. 
This wire is not in use in Europe, but some thousands of miles 
of it are in use in America; it is more than twice as costly as iron 
wire, but it may be economical where transport is very expensive, 
and the number of poles per mile can be reduced by its use. 

344. The specific gravity of zinc or spelter varies between 
6'8 and 7*2, and its heaviness between 424 and 449 lbs. per 
cubic foot When cold it is brittle; it has its greatest malle- 
ability and ductility at 212° to 220'* F., and the discovery of this 
fact has led to its extensive employment as sheet. It is heated 
by immersion in boiling solution of salt and rolled hot. It 
melts at about 700" F., and readily bums, if heated in contact 
with the air. Its tenacity varies between 3 and 3*6 tons per 
square inch. Zinc is more readily attacked by acids when 
impure ; zinc of commerce is always impure. Pure zinc requires 
eight days for its solution in dilute acid which would dissolve 
the same quantity of commercial zinc in an hour. Zinc oxidises 
superficially on exposure to the atmosphere, but the oxide pro- 
tects the metal beneath it unless acids be present to remove it. 

345. Tin melts at 426° F.; it resists oxidation better than any 
other metal used in engineering. It is used for covering iron 
and copper to protect them, and to form alloys. Most of its 
alloys are harder than the constituent metals. 

346. Lead is used for covering roofs, for fixing iron into 
masonry, and for alloying with other metals. It melts at about 
630° F. Its specific gravity is 11*4, its heaviness 712 lbs. per 
cubic foot. When rolled its tenacity is 14 to 1*5 ton per 
square inch. 

347. The alloys in general use are bronze or OUN- metal, 
alloys of copper and tin ; brass, alloys of copper and zinc ; and 
soldering alloys, composed of mixtures of tin, lead, zinc, copper, 
gold, and silver, according to the purposes for which required. 
To these alloys may be added aluminium bronze, an alloy of 
copper and aluminium. The maximum degree of homogeneity 
is attained in an alloy when the constituent metals are mixed in 
proportions ruled by their chemical equivalents, but such pro- 
portions are frequently departed from. The principal alloys of 
copper in common use are the following : — 

Copper. Zinc Tia 

Brass for sheet, 
Mosaic gold, and good yellow 
brass for turning and filing, 
Another good brass, 

Gun-metal for bearings, «kc., . 90*3 9-67 0*03 

Montz's metal, . • 



Copper. 


Zinc 


84-7 


15-3 


66 


33 


80 


20 


90-3 


9-67 


60 


40 
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Brass for rolling and dmwing is beat composed as above, but 
for turning 2 ])er cent of lead renders it easier to work. Tl>e 
bronze in use for cannon consists of 90 to 90-5 per cent, of 
copper, tlie remainder being tin; a similar alloy is uaed sonio- 
tiinea for other purposes. More exact proportions than those 
piveu above are tlie following ; — Bronze (or Kun-metal), 1 equiva- 
lent of tin to 16 of topper ; brass, 1 equivalent of tin to 2 or 4 
of eopjier; aluininiura bronze contains only S to 10 per cent, of 
aluininiiim. , The tensity of bronxe used for cannon averages 
between 14 and 15 tons per aqjuire inch (Anderson). The 
tenacity of Uuntz's metal is about 22 tons ; the tenacity of brass 
varies with ' its ^composition and the extent to which worked. 
Brass wire has a, tenacity of 22 tons, its modulus of elasticity is 
]4,230,000; the teiuicity of cast .braas is but little more tliim 
one-tliird that of wire. ■ The addition of phosphorus to brass in 
fusion cnnses it to become. very fluid, and renders it easier to 
obtain shnrp and sound , castings The specifio gravity of cast 
brass varies between 7'8 and 8-i, and ite heaviness between 487 
and 524-4 lbs. per cubic, toot; .the specific ([ravity of worked 
brass exceeds 8'5. The modulus of elasticity of annealt^l bniss, 
speci6c gravity 8-347, is 12,f07.!IOO. ■ Fm- the «.mi;o«itinii „iKi 
properties of alloys used for soldering, and the principles and 
practice of their a])jilication, see Chapter lY., section 3. 



CHAPTER in. 

INSULATINO MATERIALS PROPER. 

Section J.—GuUa-perelta. 

348. GuTTA-PERciiA is the concrete juice oi ^\fi Isontindra guUa 
or Is. ]mTcha, a large tree of the Sapodilla order, called also the 
Taban tree. It rises to a height of 60 or 70 fcBt, the trunk 
being 3 or 4 feet in diameter ; it grows in alluvial soils at the 
foot of hills in certain parts of the Malayan Archipelago, Southern 
Asia, and Dutch Guiiina. The chief supply was obtained from 
Singapore ; the wonls yatla percha are Jfalayan, the former 
signitics gum or concrete juice of a plant, the latter the speirial 
tree. The juice was obtained by felling the tree and cutting 
rings through the bark a foot or eighteen inches apart, the milky 
juice was received in suitable. vessels and inspissated by boiling ; 
the WHstefal practice of felling the trees threatened seriously the 
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source of supply, when the matter. was taken up, by an English 
company, who introduced the practice of obtaining this juice as 
caoutchouc is procured, and this practice is now followed (Section 
2). f It arrives in Europe in blocks of several pounds weight, and 
contains. sawdust, earth, and other impurities sometimes intro- 
duced as adulterants..: 

349. The best gutta-percha is yellowish and fibrous, other kinds 
are reddish or white, and frequently . sticky ; there exist varieties 
between caoutchouc and gutta-percha, and these two substances 
are sometimes mixed ; the manufacturer mixes the several kinds 
of gutta-percha together, i The blocks of. impure , material are 
cut into thin slices by knives attached to a wheel . revolving 
300 times a minute, these slices are softened in hot water, and 
further reduced by being torn by jagged, teeth ; the mass is then 
purified as much as. possible, by washing in hot and cold water. 
It is then masticated — that is, Imeaded into a paste in a machine 
having grooved rollers, kept hot by steam or hot water; the 
pasty mass is then strained through fine, wire gauze, again 
masticated, dried^ and - ultimately • rolled into thick sheets or 
other suitable form, or applied directly to the purpose for which 
it is required. ' . . . • ■ > . 

350. Gutta-percha is composed of carbon and hydrogen, the 
results obtained by difierent analysts vary, considerably;. it is 
composed proximately of three isometric, constituents, .whose 
composition is C®H^*, these are : — pure guUa, a substance insol- 
uble in alcohol cold or ' boiling, alban^ a crystalline substance 
insoluble . in cold but soluble in boiling alcohol, and ^i^vi/, a 
yellow resinous substance insoluble in cold alcohol ; the propor- 
tions of these constituents are^ 

Pure gutta, . . . . . 75 to 82 per cent. 

Alban, 14 to 19 

Fluavil, 4 to 6 „ 

In general products of oxidation are present. Gutta-percha 
varies much in quality and composition, and the gutta-percha 
of industry is not the pure . material of the laboratory, hence 
the differences between the results of different analyses. Dr. 
Maclagan's analysis gave 86*36 carbon and 12*15 hydrogen; 
Blavier states the composition to be 88*96 carbon and 10*04 
hydrogen; both of these differ considerably from that given above. 
When exposed to the air, particularly at temperatures between 
77" and 86'' F., it oxidises and becomes brittle, losing its flexi- 
bility, tenacity, and extensibility, and it shrinks and cracks so 
that wires covered with it beooihe exposed at intervals; its colour 
when oxidised is very dark brown or aLoio^b \^3m^> «s^^ '"^^ 
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reaeinbles iiine reain in mechanical properties. Eiposi 
auu's liglit greatly &cilitatea oxidation, and tlie (change is moat 
ntpiil ia tUia massifs. Guttn-cicrcha protected by leaden tubing 
liua been found perfectly preserved after some yean in India, 
not being even darkened in colour, unprotected wire would have 
become unservicettble after a few tnontba exposure; in France 
lead coated guttA-percli& covered wire ia URed, the gutta-percha 
ia not found visibly deteriorated in upwards of twenty years. In the 
climate of England gutta-perdm in thick maHEes may be kept safely 
for long periods, provided it be jireserved from light, be kept mode- 
rately cool, and the nurronnding air be not frequently changed; 
thickly covered underground wires are found aerrioeable after 
fifteen or more years of use, although somewhat osidiacd suiierfi- 
cially; suchwires are uauailycovered with a serving of tape soaked 
in Stockholm tar, which greatly hinders oxidatiou. Even in tem- 
])erate climates tinn luassea are better preserved under water until 
requii-ed for use, but if thinly coated wires be kept from the 
sun's light, as when forming office connections in cupboards and 
under floors, the coating lasts many years. In tropical countries 
gutta-jiercha deteriorates mi>idly, a few inonths' exposure iiidooi-s 
is Kufliciont to render it unserviceable; it cannot, therefore, be 
used except for tcmporaiy purposes. Guttii-percha covered 
wires laid in cement were tried in France, and ten years after 
they were laid down the guttn-perclia remained ]>erfectlY good. 
Gutta-percha deteriorates rapidly in soil impregnated with illumi- 
nating gas, kept under water it does not oxidise. It is stated 
gittta-pei'clia does not oiddise if kept from the light (Wurtz's 
Diet, de Client.), but njion one occasion in tlie East Indies several 
largo drums of covered wire were found upon examination to be 
completely o.\idised although tliey had not been unpacked ; light 
could not have (>enetrated, but tlie cases wore sufficiently damaged 
liy i-ough usiLge to admit air; warm air is evidently sufficient to 
cause oxidation without access of light. Gutta-percha is inaol- 
nble in water, sparingly soluble in anhydrous alcohol and anhy- 
drous ether (Paragraph 350), dissolves in small proportions in 
boiling olive oil, but is deposited on cooling, is freely dissolved 
by the following solvents aided by heat: Sulphide of carbon, 
mineral naphtha, coal tar naphtha, benzine, chloroform, and oil of 
tur|>entine. Gutta-perelia is carbonised by strong sulphuric 
acid, and converted into a yellow resin by nitric acid ; it is not 
altered by ferments ; in the neighbourhood of oak trees it has been 
found enjircly changed by a fiingua (Journal S.T.E., Vol. II.) 
Gutta-percha covered wire is usually sei-ved with tape soaked in 
Stockholm tar sometimes sanded; wood tar is not injurious, coal 
tur IB unleBs purified, and gas ts.i; i& a.lv/ays \>re3udiciat. Stock- 



* 



GUTTA-FERCHA — F U8IBILITY — DENSITY — STRENGTH. 255 

boIiD tar is a preservatiye, but impairs the insulating property. 
By dry distillation guttarperoha yields very inflammable oils. 
The solutions in chloroform and sulphide of carbon may be almost 
deprived of colour by filtration, and by cautious evaporation a 
colourless and remarkably porous mass is obtained which may 
be melted, and has all the properties of ordinary gutta-percha. 

351. At about 115^ F. gutta-percha softens and becomes pasty 
although still retaining much of its tenacity; between 100*' and 
1440 F., it may be readily spread into sheets or dra¥m into 
threads or tubes; at 120® it is plastic, and if core' be exposed to 
130® or even less the wire becomes eccentric; near 212® F. it 
melts, suffering a pasty fusion; it becomes fluid at about 266^ F., 
warmed further it boils and inflammable oils are distilled ofiEl 
When altered by oxidation it melts at a lower temperature, and 
if completely oxidised it becomes fluid at 212^ F. Heat increases 
its electrical conductivity, at about 72° F. it offers but half its 
resistance at 32° F. Its suppleness and ductility diminish as its 
temperature is lowered, but not to the same extent as in caout- 
chouc; it retains its flexibility at 14° F. 

352. The density of purified gutta-percha is said to vary be- 
tween '9693 and '981, and its heaviness therefore between 60*56 
and 61*32 lbs. per cubic foot; but when the air is expelled from 
its pores by immersion in water it sinks. 

353. At ordinary temperatures drawn gutta-percha has an 
ultimate tenacity of about 3500 lbs. \)ev square inch. Willoughby 
Smith's improved gutta-percha, being gutta-percha prepared in a 
particular manner and of the same specific gravity as ordinary 
gutta-percha, is stated (probably on the authority of the manu- 
fkcturer) to have a mechanical strength (tenacity is apparently 
referred to) 12 per cent, greater than that of ordinary gutta- 
percha. One writer has attributed to gutta-percha a tenacity 
about equal to that of strong leather, but this is upwards of 
4000 lbs. per square inch, and is too high. Only a small portion 
of the ultimate strength of the material can be rendered available, 
as it stretches 50 to 60 per cent, before breaking. Stretching or 
drawing increases its tenacity, but only in the direction drawn, 
the transverse tenacity remains comparatively weak; if it be 
stretched to twice its original length it is stated (Wurtz's Diet, 
de Chem, Art. G.P.) that it will support longitudinally the 
action of a force twice that which was required to stretch it. 
Permanent set commences at ordinary temperatures, in un- 
stretched gutta-percha, at about 672 lbs. the square inch (Clark 
k Sabine) ; stretched or drawn as used in cables, it will resist a 
strain of about 1000 lbs. the square inch; Blavier found it 
resisted 994 lbs., it elongated 4 per oent.^ W\» x^^gbassL^ >^a& 
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oqipnal leiigtb when the load was removed. Profeasor Fl«eiiuilf'^ 
•Tetikin Htutes the available etreugth of gutta-percha in cable ~ 
con\B at about one-third the ultimate streagtb, or about 1 160 lbs. 
per square inch. 

354. The manufiieture of gutto-pcrcha luul it« uppliaAtion to 
the piiTjioaea of telegraphy, oanBot be carried ou wholly by 
Diacliinery with that automatic accuracy often attained by 
luacliinery m.workiag in metals aud wood. Nottrithstandio^ 
the improvementa in manufacture and working which have been 
effected, the work of the machine requires constant supervision. 
and frequent repair. Gutta-percha is applied to wires in separate 
layers in order that a fault in one layer may be covered by the next; 
as many as twenty layers have been used, but for ordinary wirea 
five layers are employed, for the small sizes fewer. The principle 
of the covering machine ia shevm in fig. 64 : the warm gutta- 
percha is placed in a 
Etrong cylinder A, tha 
wire 1 2 passes through 
tiie cylinder as shewn, 
being dmwn through nt 
an eijitable rate ; the 
pressure on the jiiston 
B causes . the gutta- 
jiercha to emerge at 1, 
covering the wire to the 
thickness required for 
one layer; the operation 
is repeated as many times as coatings required, the gauge of the 
drawplate, &c, being suitably modified. The gutta-percha in 
the cylinder is kept warm, and after emerging on the wire it is 
cooled before being coiled. Gutta-percha covered wires covei-ed 
with simple gutta-percha put on in the manner described above, 
were found liable to injury by reason of the absence of adhesion 
between the wire and coating; if the core wore stretched it 
elongated, but in contracting when the load was removed the 
coating contracted more than the wire; the wire was thus bent, 
and the coating being loose the wire was forced nearly or quite 
through the gutta-percha, thus injuring the insulation. The 
liability to this class of accident is now removed by coating the 
wire with an adhesive mixtui'e (Chotterton's compound) consist- 
ing of one part Stockholm tar, one part resin, and three parts 
gutta-percha, and this is used between the layers of gutta- 
percha; the wire and its covering and the several layers are 
thus strongly bound together, and act as a single solid. The 
iipeciSc gravity of Chatterton's compound is about the same as 




Fig. 64. 
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that of gutta-percha, bat its electrical resistance is less; hence 
it should be thinly spread. Gutta-percha is also used in thin 
sheets, these are rolled from the warm material, or very thin 
leaves are obtained bj evaporating solutions. Gutta-percha may 
be readily joined when warmed, but if melted it remains sticky 
and the joint is spoiled. Great care is essential to success in 
joining gutta-percha covered wire, many joints which appear 
perfect when made rapidly deteriorate; the joints in under- 
ground lines and cables are justly regarded as the weak points 
in the system. The source of heat should be clean, a spirit lamp 
is that generally used for warming gutta-percha and gutta-percha 
irons; sometimes a spirit lamp in an iron chimney (a lamp 
furnace), and sometimes a charcoal fire is used — the last is used 
for heating irons only. As great care must be taken to avoid 
over-heating, a fusible solder is commonly used for joining the 
copper wire. The tools required are scissors — preferably curved 
— and smoothing irons, and a pair of clips fitted to a stand for 
holding the core are sometimes used; the materials necessary 
are sheet gutta-percha, a stick of Chatterton's compound, and 
naphtha. The principal precautions to be observed to ensure 
perfect and permanent adhesion and a safe joint are the follow- 
ing :— 

Perfect Cleanliness in detJing with the gutta-percha, the 
wire to be covered must be clean; this is usually ensured by 
washing it with naphtha after soldering, water is sometimes used, 
and sometimes in inferior work this precaution is neglected. 
The dirty part of the work is best done by an assistant. The 
hands and tools used to touch the joint should be very clean; 
greasy matter in the smallest quantity prevents adhesion, even 
the grease in the perspiration from the hand of the operator is 
sometimes sufficient. Before kneading the gutta-percha with 
the fingers the hands should be washed, naphtha is preferable 
to water for this purpose, as it diminishes the secretion of per- 
spiration and hardens the skin somewhat. As the fingers and 
scissors are always wetted to prevent them sticking to the 
softened gutta-percha, the last should be carefully dried before 
applying the Chatterton's compound or a fresh surface of gutta- 
I)ercha. 

Care should be taken to express from the joint as it is made 
any air enclosed, and thus msdce the joint solid. 

The joint should be made at the lowest temperature con- 
sistent with perfect adhesion between the several layers of which 
it is composed, a sufficient length of conductor should be bared 
to prevent the risk of over-heating the gutta-percha when solder- 
ing, and for the same reason the soldering bolt used should not 

8 
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bo larger than necessary for the ■wurk. The best length of joint 
ia on iiu average 5 to 6 inches, it is aotnetiines only 4, but thii 
must depend on the size of the coadaotor; the length should be 
■,is short 03 consistent with security against over-beating when 
soldering. If any port of the work ho accidentally burned it 
should be cut out and the joint re-commenced. Care should bi- 
taken thnt the conductor ia iiot idlowed to become eeoeotrie 
during the application of heat. 

Gutta-percha varies in quality, and the properties of tlin older 
laateriiil may be altered by oxidation. Uifiaioular qu&litiex do 
not always readily adhere ; hence, the quality of the material 
should be either the some throughout, or the sheet inaterial 
sliould be selected with reference to its property of oombiuing 
with the material of the core ; the use of Chatt«rton'8 comjiound 
jn-obably renders difference of quality less important, but it cannot 
be neglected without risk of flulure. 

The principal mecAontoo^ conditions to be observed are: — care 
should be taken in joining the conductor to finiah the joint 
-without projecting ends, in twisted joints this is particularly 
dangerous; the ends should be turned down carefully, and some 
autliorities recommend the spare ends be broken off witii tlio 
pliers leather than cut off, to »void points (seo Paragraph 447j. 
A siifGcient length of sheeting should be left at each end of the 
joint to finish off well. The joint in the conductor should be in 
the middle of that in the covering, and they should be concentric. 
Care should be taken in baring the conductor not to dam^e it 
with the knife or other iustrument used to cut off the gutta- 
percha. In kneading warm gutta-percha with the finger.'j, or 
cutting warmed sheet, the fingers or scissors should be damped 
to prevent adhesion ; but cold gutta-percha sheet may be cut 
with dry scissors. 

Joints are made in different ways, and^ — according to the degree 
of pt'rfection necessary — more or less care and labour are bestowed 
on them, from the simplest scarf joint made for a tempoi-ary piir- 
jiose, in which neither Chatterton's compound sheet gutta-jiercha 
nor naphtha is employed, to the joint in a cable core in the 
making of which the utmost attainable perfection is desired. The 
simplest form of joint is a scarf, fig, C5, or a kind of butt joint 
made without the addition of other 

BtiH''"''' ''i | ' I ' LB JUBBL in^terial than that of the core joined. 

m2SSSsE^Sl^Bmm The scarf is made as follows : — The 

Fig^ J55 coating and conductor of each end to 

be joined are cut through at right 

angles to their axis level with each other, the core is then warmed 

gently, and the gutta-percha is drawn back from the wire with 
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the damp fingers to expose a sufficient length of the conductor at 
each end for the joint in the conductor ; this joint having been 
made, the gutta-percha drawn back on one side is gradually 
warmed, kneaded, and spread over the whole length of the joint; 
it is pressed close to the conductor, made to taper, and the super- 
fluous material separated. The surface of the joint having been 
dried, the other knob of gutta-percha is worked in the same 
manner over the whole length of the joint, and the superfluous 
material is removed. A simple butt joint is made by proceeding 
as in the scarf joint as far as the joint in the conductor, then 
instead of kneading the gutta-percha from each end over the 
whole length of the joint, the knobs of material are kneaded 
down to meet in the centre of the joint; they are here kneaded 
together to produce as intimate a union as possible, and the super- 
fluous material is removed. These joints may be smoothed by 
rubbing with the wet hand to improve their appearance, they are 
the least secure kind of joint, and are unsuited to important 
purposes. The scarf joint described above may be made much 
more secure in the following manner: — After joining the con- 
ductor wash the conductor and ends of the core clean with 
naphtha, warm the conductor and a stick of Chatterton's com- 
pound, and apply a little of the latter to the conductor, spread- 
ing it evenly with the warm tooling-iron, work down one end of 
the gutta-percha, as described above, but before covering this 
layer with the material from the other side, apply a little Chatter- 
ton's compound to its surface by rolling a heated stick of com- 
pound along the joint in three or four places and spreading the 
adherent material evenly by tooling. The second knob of gutta^ 
percha is now to be spread over the first, as already described. 
This joint only differs from the simple scarf joint, fig. 65, in 
the use of Chatterton's compound between the conductor and 
covering, and between the two layers of the latter, and in the 
use of naphtha to ensure chemically clean surfeoes. The butt 
joint may be improved as follows : — Use naphtha to wash the con- 
ductor and gutta-percha, and put a thin coating of compound over 
the conductor, work the gutta-percha down first from one side then 
from the other to meet in the middle of the joint, knead well to 
cause intimate union, cut off the superfluous material, apply 
Chatterton's compound over the whole joint spreading it by 
tooling, wrap the joint in a ribbon of sheet gutta-percha laid on. 
longitudinally, both joint and sheet being warmed, tool it to 
cause perfect adhesion working from the centre of the ribbon to 
exdude air, and closing its edges last with the warm toolings 
iron. This joint is one of the most perfect used. The following 
modifiLed scaif joint, in which sheet gattfr-perch& i& ^»&n^>S& t&ssca 
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common ; it is the highest form of joint, nnd is used for gui 
percha cable core of all kinJs : — The gntta-porclia is cut off ■ 
conductor vnth a knife for 1^ inch to 2 inches at each of tlie ei 
to be joined, and the conductor is joined iu the manner dpcii 
on (single wire is usually joined by the twisted joint) and i 
dered; the conductor and the gutta-percha, for 2 or 3 inches 4a' 
each Bide, are carefully crashed with naphtha. Chattertoa's com- 
pound is applied to the conductor as described above; the gutta- 
percha Is warmed for about 2 inches on one side of the joint, and 
kneaded down to cover the joint and meet the gutta-percha ■ 
the other side, but a small piece of material from each end 
usually rejected as possibly dirty or damaged by heat; to tl 
covering is applied a coating of Chatterton's compound evenly 
lUid thinly spread by tooling, and over this tlie gutta-percha from. 
the other end is worked down, thus forming a scarfed joint 
usually 5 to G inches long. The material kneaded down from 
each side does not, as in the simple scarfed joint, extend the entire 
length of the joint, but it should in each case extend to an equal 
distance on each side of the conductor joint ; it is evident also 
tliat at this stage the diameter of the ioict is loss than that of 
the core. Apply iinothf r kj-er of nh'atterton's campoiuid ovit 
the whole length of the joint, and place round the joint a lubbon 
of sheet gutta-percha arranged longitudinally, the ribbon and 
joint being both warmed, the ribbon is usually 4 to 4i inches 
long and wide enough to allow some spare to be cut off longi- 
tudinally with the scissors ; the ribbon seam should not be closed 
at the edges until the air has been expressed from beneath it by 
working it from its centre, the seam is made above to be in sight, 
the sheet should be stretched before application, and the seam 
should overlap a Httle to ensure perfect contact. The joint is 
finished by applying another layer of Chatterton's compound, and 
rubbing the joint smooth with the wet hand. The sheet is best 
applied by fixing it at one end and stretching it on longitudi- 
nally, and perfect junction between the sheet and core at the 
ends of the joint should be produced by applying the heated iron. 
In this joint there are three layers of gutta-percha alternating 
with compound; if the core be covered with four layers of gutta- 
percha, and it be desired to imitate this in the joint, an additional 
layer of sheet material may be applied — the second scam in this 
case should be placed on the opposite side of the joint to the first 
seam, and generally if more than one seam be introduced the 
sheets should break joint round the core. A thin layer of 
Chatterton's compound and rubbing with the wet hand may be 
applied as a finish to any joint to improve its appearance. 
Several other products analogous to gutta-percha have been im- 
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ported, but they have not come into general use, although some 
of them possess useful properties ; the reasons being they oxidise 
more rapidly than gutta-percha, and in some cases offer greatly 
inferior resistance to the passage of electricity. In the arts gen- 
erally gutta-percha is seldom employed pure ; it is mixed with 
caoutchouc to give it flexibility, with 10 to 30 per cent, of gum 
lac to give it rigidity; increased resistance to the oiddising action 
of light and air is given by an admixture of 5 to 10 per cent, of 
paraffin or suet, or by treating it with warm solution of caustic 
soda, about 12 ounces to the quart of water, the alkaline solution 
removes the alterable parts. If sulphur be combined with gutta- 
percha, as in vulcanising caoutchouc, the effect is somewhat the 
same — ^the gutta-percha is rendered less fusible and less prone to 
oxidation on exposure to air and light. The process of vidcan- 
isation is almost the same as in the case of caoutchouc, but other 
matters in addition to the sulphur have to be added, as other- 
wise an essential oil appears to be disengaged which impairs the 
homogeneity of the product. Vulcanised gutta-percha, not being 
durable, has not come into use for genersJ purposes. For tele- 
graph purposes simple gutta-percha and the mixture termed 
Chatterton's compound are the only forms in which gutta-percha 
is in general use as an insulator; mixtures of different qualities 
are used. Several of the preparations mentioned above might be 
employed under some circumstances with advantage. Oxidised 
gutta-percha, probably mixed with other substances, as fresh 
gutta-percha, caoutchouc, <bc., is used for small picture frames, 
mouldings, &c., old covered wire may therefore generally be 
sold advantageously when no longer of use as covered wire for 
telegraph purposes. Gutta-percha is the material most generally 
employed in Europe for insulating office connections and under- 
ground cables, the use of India-rubber being far less general ; in 
India India-rubber is used for these purposes and for river cables. 
Gutta-percha is the material more generally used for insulating 
submarine cables. The relative merits of these two substances, 
as far as known, ai*e treated of in Paragraph 363. 

Section II. — Caoutchouc. 

355. CaoulchouCf India^mbber, or gum dcutie, is found in the 
milky juice of a great many tropical and some European plants, 
particularly those belonging to the fig, spurge, and dogbane 
orders. The Siphonia caJiuchu or caoutchouc, a tree growing over 
a vast tract of country in Central America and in Java, yielded 
formerly the greater part of the good caoutchouc; the material 
was obtained by way of Para^ this is still most highly oisfcAfiia^^i^ 
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and is termed Fara gum or caoutehoiie. The Ureeola efinlina 
abounds in the islanda of the Indiun Archipelago, it prodiicea the 
gunttovMn of the Mnlays. The Ficiui ela*lica is th« source uf a 
l&rgi) supply, it extenila over more than 10,000 square na ilea in 
As.sani and other parts of the Host ludieB. The other trtM^s 
which furnish caoutchouc are Ueva eaoulehouo, If, gtUanerun*. 
Jatroj>/ia tlasttca, Fieiis /n^irv, and F. religion; the supply is 
therefore more abundant and t^rtaiii than that of gutta-percha. 
The saji of the tree is obtained from an incbion tlirough the 
bark ; formerly this sap was spread on clay moulds to dry, nnd 
imported in the forms of bottles, balls, and crude lamps; a largo 
quantity of the juice was also imported in bottles, but it is now 
generally imported solid, a much cheaper metliod. It Taries 
in quality according to the species of tree; the juice teoia old 
trees drawn in the cold season is the best. The Fieua dattiea 
of Assam, a large tree, may be tapped once a fortnight in the cold 
season, and will yield upwards of 40 Iba. of juice ooataining four 
to six parts water and six to four caoutchouc. The juice rari« 
considerably in colour and composition according to the source 
from which derived; specimens imported in well-eloaed vessels 
had spocitiu gravity l-(Jl7r> to 1041^5 [Vv\ tlie ti-liti-r kind 
yielded 37 per cent., the heavier and thicker 20 per cent, of 
caoutchouc, the source of supply was probably Fidis elastica: 
another specimen, probably from Siplionia elaetica, was found to 
have specific gravity 1'012, and to contain 45 per cent of caout- 
chouc; but analyses differ widely, the juice being derived from 
different sources and prone to alteration. When the juice is 
heated its albumen coagulates and rises to the surface; it mixi's 
with a small proportion of water and coagulates as when un- 
diluted, but if the water added exceed a certain proportion it 
separates the caoutchouc, and the separation ia the more rapid 
if the water contain salt; the caoutchouc riaes to the aurface. 
Alcohol produces the same effect. 

356. Cao\itcIiouc as imported is sometimes tinged brown bv 
aloetic matter, and occasionally it contains tarry matter in its 
pores, the produce apparently of decomposition; it is necessar-" 
that aloetic matter be removed by boiling in water, as if permitted 
to remain it destroys the texture of the caoutchouc by its decom- 
position. The rough masses imported are masticated in water t j 
remove impuntics, and afterwards dried to i-educe them to a 
homogeneous mass ; this irregular mass is then shaped into 
regular masses, from which sheets, threads, &c., can be cut econo- 
mically. The knife used to cut caoutchouc should be kept 
wetted. Pure caoutchouc is colourless and transparent, but that 
ot commerce differs in colour, tlie best being a light yellow; under 
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the microscope it appears formed of tubes and to contain cavities, 
it may therefore be ased as a dialyser. Caoutchouc is impaired 
by mastication, which breaks its fibrous structure, diminishes its 
elasticity, and increases its porosity. Immersed in water caout- 
chouc is absorbent, probably by reason of its porous structure; 
this absorption may reach 25 per cent, of the weight of the 
material after a month's immersion, when its volume may be 
augmented 15 per cent., and its colour rendered lighter. Manu- 
feictured caoutchouc covering wires absorbs water superficially 
only, and at ordinary pressures not in sufficient quantity to 
sensibly impair its insulating power. As the water on the 
outside evaporates, the caoutchouc contracts and hinders the 
evaporation of the water from the interior of the mass, this 
impairs its quality. 

357. The specific gravity of caoutchouc varies between '919 
and '942, it is not increased permanently by any degree of 
pressura 

358. By long boiling in water it swells and becomes somewhat 
sticky, more readily soluble in its proper menstrua, but when 
exposed to the air it soon resumes its original volume and con- 
sistenca When pure it is insipid and has little or no odour. It 
contains no oxygen. The following analyses give its composi- 
tion : — 



1. 


2. 


3. 4. 


Faraday. 


Ure. 
90-6 


G. Williams. 


Carbon, . 87-2 


86-1 87-2 


Hydrogen, . 12*8 


100 


12-3 12-8 




• • • 


0-9 


Azote and loss, . . . 


• • • 


0-7 



100 100-6 100 100 

Analysis No. 2 gives C^H^, but the agreement between the other 
three is so close that they are generally accepted. Assuming 87 
and 13 as the percentages and 6 and 1 as the equivalents, the 
composition is represented by C^^H^® ; the author (M. Ch. Laut) 
of the article C. in Wurtz's Diet, de Chem, represents the composi- 
tion by C*H7; this however, would represent a percentage 
composition widely differing from the results of the analyses, 
viz: — carbon 77*42 and hydrogen 22*58 per cent. Other 
analysts state there are traces of sulphur and chlorine, and as 
proximate constituents fatty and colouring matters, and three 
compounds of azote. Caoutchouc is not acted upon by sulphur- 
ous, muriatic, or fluo-silicic acids. Strong sulphuric add d&^^^^oir 
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poBPH it slowly in the cold, but readily wlien aided by he&t. 
Nitric acid decomposes it completely, so also does & mixture of 
nitric tiud sulphuric acids. It is not acted upon by dilute acids 
nor dissolved by the strongest alkdline solutions even when 
boiling. Exposure to the action of alkaline Bolutiona generally 
hardens it, but contact witli solntion of soda (40° Baurn^) for 
eeverol hours renders it sticky. Chlorine attacka it with time, 
rendering it hard and brittle, and it is readily acted npon by 
nitrous acid. By some anthors it ia stated chlorine doea not 
attack caoutchouc, but possibly with prolon!|ed exposure many 
re-agenta at present deemed indifferent would affect it more or 
leas. Exposure to lur and light cauaea gradual oxidation, the 
caoutchouc being transformed into a brilliajit resin resembling 
gum lac; this change is more rapid in manufactured than crude 
material, and ia favoured by alternate exposure to sun and 
humidity. When oxidised, caoutchouc ia soluble in wood spirit, 
alcohol, chloroform, benzine, and alkaline solutions, but not in 
turpentine, sulphide of carbon, and ether. It yields water br 
distillation, proving the presence of oxygen ; its percentage com- 
position was found to be — carbon 64, hydrogen S-46, oxygen 
27-54. Oxidittion ia prevented if the caoutchouc be kept under 
water. In contact with copper, aa in covered wirea, caoutchouc 
becomea viscid and even fluid, it either separates from the copper 
or leaves the latter merely covered with a sticky covering ; the 
change is not well understood, it ia stated it doea not take place 
under water if the caoutchouc be pure. To ])revent the change 
copper wirea to be covered with India-rubber should be carefully 
tinned, a practice generally adopted. Saljdmr and several of ite 
compounds act on caoutchouc in a remarkable manner described 
in Paragraph 360. 

359. Caoutchouc is insoluble in alcohol, but it absorbs some- 
timea 20 per cent, of ita bulk of warm anhydrous alcohol ; on 
evaporation of the liquid it gradually regains its original proper- 
tiea, but is more translucent and less tenacious. It readily dis- 
solves in ether deprived of alcohol by washing with water, the 
eolution is colourless, and when recovered by evaporation the 
aolid caoutchouc remaina sticky for some tima Treated with 
naphtha from coal tar or petroleum, it swells to about thirty 
times its original bulk, and when triturated and worked through 
a sieve, it affords a homogeneous vamish used in waterproofing 
cloth. It dissolves in bisulphuret of carbon and aomo essentia 
oils, aa oils of lavender and turpentine. In the fixed oils, aa 
linseed oil, with certain precautions, but the solutions do not diy 
well the residue remains sticky ; the more volatile the solvent 
tho less Ukeiy is the residue to be sticky, hence the most volatile 
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solvents are preferred. One of the most perfect solvents is 100 
parts bisulphuret of carbon to 6 or 8 of anhydrous alcohol. The 
solution of caoutchouc for waterproofing is effected in close 
vessels by triturating machinery, the heat developed is sufficient 
to favour the process of solution, and as much as 13 cwts. of 
caoutchouc are dissolved at one time, three days being required to 
complete the solution; the varnish is used very thick, for fine work 
it should be strained. For very fine work ethereal solution is 
used as it leaves the caoutchouc free from disagreeable smell, the 
stickiness of this varnish is removed by dusting the surface of 
the work with sublimed sulphur or French chalk. To effect the 
solution in ether, the caoutchouc should be cut into shreds and 
boiled in water for two hours, the ether will then dissolve it in a 
few days. Thirty-two parts rectified oil of turpentine to one part 
caoutcliouc forms a good flexible varnish; 15 to 20 grains of caout- 
chouc to 2 ounces of chloroform, half an ounce of mastic being added 
afterwards, and the whole macerated for a week, forms a good 
transparent cement — it is used cold with a bnisli. Caoutchouc is 
composed of two isometric compounds, one solid, elastic, and 
sparingly soluble, resisting almost all solvents ; the other semi- 
fluid, adhesive, and readily dissolved ; to this second is due the 
property of soldering by pressure, and to the existence of these 
two constituents is due the peculiar phenomena attending solu- 
tion, which is generally incomplete. These components may be 
separated by using sufficient quantity of the solvent without 
agitation ; their relative proportions vary with the nature of the 
solvent and quality of the caoutchouc — e.g., anhydrous ether 
extracts 66 per cent, of white soluble matter from the amber- 
coloured gum, oil of turpentine extracts 49 per cent, of yellow 
soluble matter from the common material 

360. Caoutchouc is a bad conductor of heat. At ordinary 
temperatures it is soft, flexible, and highly elastic, its elastic 
flexibility being its characteristic property. Below 50** F. it 
hardens with decrease in temperature, at 32^ F. it is hard and 
rigid, and resembles leather in appearance; if lowered in tem- 
perature, while stretched, it retains its altered dimensions, but it 
regains its elasticity and original dimensions if heated above 
104® F., it also regains its properties under light traction, pro- 
bably by reason of the heat developed. As its temperature is 
raised it becomes more flexible and soft ; it is soft at 248" F. (one 
authority states it begins to melt at that temperature), about 293^ 
F. it is sticky and adherent to hard bodies, at 338® F. to 356® F. it 
melts into a thick liquid like treacle, but its composition is un- 
altered. If fused it remains sticky and semi-fluid upon cooling, but 
if it has not been heated much above its melting point, on ex^oaus^ 
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to t1iG air in thin layers it ri^covers its original properttee. In 
heated to 398° F. it begins to fume and is convertol into il riaoidl 
mass, which does not dry ; it formii a drying cement Tvith half 
ita weight of slaked lime and an eqvial quantity of red leaA If 
caoutchouc be diutilled at 600° F. an exceedingly volatile liqiiid 
caoutcliocine passes over; this fluid is speedilir decomposed if . 
exposed to the air, it is an excellent solvent of caoutchouc copal J 
and other resins, it is used mixed with alcohol; at a lowtfl 
temperature sulphuretted hydrogen, hydrochloric acid, oarbuuia ■ 
acid, &c., are given off. The residue loft in the retort after diatiUfr T 
tion with oil as a solvent, forms a vamisli impervious to moistim I 
and very elastic, it is lined by shipwrights. Caoutchouc l 
combustible, it bums with a white Hame, and leaves no residuA 
361. When caoutchonc is combined with sulphur it is said to 
bo vulcanised; the proportion of contained sulphur may b" 
preat as 20 per cent., but only 1 or 3 per cent, is actually ( 
i.iined with the caoutchouc as an essential, the surplu) ' 
cally mired and may be gradually eliminated by altemata ^ 
(.■xteusiou and contraction, covering the sur&ce of the lOAterial I 
with a fine powder, or it mny be removed by treatment with 
alkaline solutions or solvwits of .sulphur. The pivsLiu';,- of 
Rulphur does not sensibly modify the comjioaition of the caout- 
chouc ; it 13 generally admitted that the sulphur combines with one 
of the two isometric compounds composing the caoutchouc (Para- 
graph 359) — viz., that one which is soluble, is hardened by a low 
and softened by a high temperature, is sticky, and to which ordi- 
nary India-rubber owes its property of joining when two freshly- 
cut surfaces are pressed together ; the combination of sulphur 
with this constituent has the properties of the other constituent, 
hence the vulcanised caoutchouc has the jiroperties of the latter 
exclusively. Vulcanised is distinguished from ordinary India- 
rubber in the following particulars ; — Firstly, It does not become 
hard ond rigid as ordinary caoutchouc at about 40° F., but retains 
its ]iliability and flexibility at low tempei-atures ; secondli/, freshly- 
cut surfaces pressed together will not adhere together as in 
ordinary caoutchouc; tJdrdbj, it is not dissolved by any known 
solvents of ordinary caoutchouc, as bisulphide of carbon, naphtha, 
&c„ the more poweiflil solvents merely causing it to increase in 
bulk — it may increase to nine times its volume, but recovers its 
original volume after evaporation of the liquid; fourtJdy, it.\% 
not aflected by heat at temperatures below the vulcanising 
temperature (about 270° F.), and melts at between 390° and 400' 
F, ; fifthly, it is not oxidised by exposure to air and light as 
ordinary caoutchouc ; ginih^, it b more elastic ; semnMy, 
■whereaa ordinary caoutchouc absorbs 25 per cent, of water, com- 
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mon vulcanised caoutchouc absorbs only 4 per cent., and if its 
excess of sulphur be eliminated only 6*4 percent. At high tem- 
peratures, especially when in contact with metals, it gradually 
loses its flexibility, and generally there is disengagement of 
sulphuretted hydrogen; a little coal tar added before vulcanisa- 
tion is said to obviate these inconveniences in a great measure. 
If it contain excess of sulphur — i.e., sulphur mechanically mixed 
— its durability is thereby impaired, at about 248** F. this sulphur 
enters into chemical combination and renders the material brittle ; 
the same effect tcJ^es place at ordinary temperatures, particularly 
if the material be kept quiescent, alternate extension and com- 
pression and friction tend to eliminate the excess of sulphur, and 
are therefore conducive to durability. Common qualities gen- 
erally contain sulphur in excess, being made by the use of flour 
of sulphur only, the more exact processes being reserved for 
special purposes. The excess of sulphur may be extracted by 
solvents, as ether, benzine, or sulphide of carbon. Vulcanised 
caoutchouc is prepared in several ways, the following being those 
most generally employed : — 

1. Caoutchouc is kneaded with 7 to 16 per cent, of flour of 
sulphur, the flnished articles are subjected to a temperature from 
266° to 300** F. for some hours, to a temperature of 234° F. for a 
time, and for a much shorter time to 300° F., or to steam at 4 
atmospheres. This process is that of Mr. Goodyear, and is very 
commonly adopted. 

2. In the Hancock process the fashioned objects are carefully 
dried, they are then immersed in a bath of flour of sulphur heated 
to from 266" to 300° F. ; the objects are kept in the bath two to 
three hours, or they are kept in the bath heated to 234° F. until 
they have absorbed one-fifteenth of their weight of sulphur — ^tho 
bath is then heated for a short time to 300° F. This process is 
useful when the material is in sheets, tubes, or other thin masses 
not differing much in thickness at different parts; if they do 
differ much it is stated there is liability to convert the thick 
parts imperfectly, and the thin too much, the latter being made 
hard. 

3. In Mr. Parkes' process protochloride of sulphur is dissolved 
in forty to fifty times its weight of sulphide of carbon, the 
fashioned caoutchouc is immersed in this solution for a length of 
time dependent on its thickness — about two minutes being suffi- 
cient when this is about '04'' ; the articles are then washed iu 
water to remove the excess of chloride of sulphur. The bromide 
of sulphur is sometimes used, and its employment has some 
advantages, but after a time an acid re-action makes the caout- 
chouc hard and brittle. To prevent this it has been ^ro\io%Q.<I 1<^ 
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«si! wii'tallic oxides in particular litharge. Tliia process a 
adapted to thin articles to which kneadiiig with flour of sulphur 
is inapplicable. 

4. The fashioned caoutchouc is inamersed for three hours in a 
Boluttoii of pciljrsulphide of calcium murkitig 25' Bauiu^, la & 
close vessel at 280° F. ; they are then vashed with a weak 
(ilkaline ley (CO" Baumti). This proceaa yields the correct degree 
of sulphuraliou, and is applicable to the nicest purposes when 
durability and general excellence of the product are of great 
moment 

5. The following process also gives the exact degree of 
sulpliuration. required; — 101} parts of caoutchouc in roi^h 
layers is mixed with 4 parts of sulphur and 50 parts slaked 
lime, the ingredients are then thoroughly incorporated by pres- 
sure between rollers ; the finished articles are soaked for an hour 
in water to remove excess of sulphide of calcium. 

6. Vulcanised ludia-ruhber frequently suffei-s a cheniic^, 
change attributed to a kind of acid fermentation ; the beet 
modes of hindering such change is the removal of free sulphur 
by immersing the articles in boiling solution of caustic soda, or 
xiaing processes for vuloinisiiij; which givp the exact ilt.'g!i.>t.> of 
sulphuration. The former mode is inapplicable to thin masses. 
M. Gerard proposed to mix 5 to 10 per cent, of lime and 
vulcanise by the Goodyear process ; he termed the product 
alkaline V. C. Mr. Day recommended pipe -clay for the same 
purpose. The use of an alkali makes the material harder than 
oi-dinary vulcanised caoutchouc. Other matters are niixed with 
vulcanised caoutchouc, jiarticularly antimony. Mr. Burke pro- 
posed the use of sulphuret of antimony ; the advantages of its 
employment are — there is no efflorescence of sulphur at the 
surface, and the vulcanised products do not undergo cliemical 
change in contact with metals. 

362. A kind of vulcanised caontcliouc termed indwaUd India- 
rubber, vulcanite, and ebonite, is a very valuable material ; it b 
merely vulcanised caoutchouc prepared in a particular manner. 
It has not the elastic flexibility of vulcanised elastic India- 
rubber ; it may be worked like ivory ; it is light, takes a high 
polish, is very durable ; being tougher than ivory, it is less 
liable to be fractured by a blow ; it does not require seasoning 
to give it permanence of form, and it resists solvents even better 
than elastic vulcanised caoutchouc. Ebonite or vulcanite is 
made by mixing caoutchouc with half its weight of sulphur ; 
the mass is made homogeneous by kneading in a proper machine 
or between rollers, it is rolled into sheets or fashioned into 
other required forma, and exposed for two hours to a tenqKca- 
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ture of 212® F., and for four hours to a temperature of 302° F. ; 
at the higher temperature it may be rolled. The following pro- 
cess is esteemed more highly than the above : — Selected India- 
rubber is softened by a temperature of 170® to 180® F., cut up, 
purified by treating it with solution of soda ; it is then kneaded 
with 20 to 35 per cent, of sulphur, according to the degree of 
hardness required, the sulphur being added gradually and the 
kneading performed at 120** to HO^'F.; the fashioned material is 
subjected to steam at 4*5 atmospheres during 8 to 12 hours, 
experience being necessary to ensure excellence in the product. 
Properly the term ebonite is applied when the material is com- 
posed of caoutchouc and sulphur only, when mixed with colour- 
ing matter the compound is termed vtilccmiU ; the latter term is 
sometimes improperly applied to the material used as an insu- 
lator, which should be composed of sulphur and caoutchouc only. 
Ebonite can be cut with a saw, turned, and generally worked 
as ivory ; it takes a fine polish, and if bent warm it retains the 
bent form when cooled. When polished its surface should be 
free from specks, otherwise it contains foreign matter or uncom- 
bined sulphur ; its fracture should be conchoidal and not granular. 
Exposure to air and light causes oxidation of the sulphur with 
formation of sulphurous acid ; to maintain the insulation unim- 
paired it should therefore always be coated with French polish 
or other solution of shellac. Ebonite is ununited for uses requir- 
ing it to be exposed, as in outdoor insulators ; it suffers decom- 
position as explained above, it becomes porous, and cracks; 
it is frequently applied to the stalks of insulators, probably 
with a view of increasing the insulation ; but these coatings 
separate firom the metal and crack when exposed, particularly in 
the tropics, this effect being probably favoured by combination 
of sulphur with the metal of the stalk. The legitimate use of 
ebonite is as an insulator in apparatus, and generally indoors. 
Ebonite in thin masses has great elastic flexibility under a bend- 
ing load. Its specific gravity is about 1*31. 

363. India-rubber is a better insulator than gutta-percha, and 
has a lower inductive capacity, hence many attempts have been 
made to employ it as an insulator, at first as ordinary and ultimately 
as vulcanised India-rubber. Fresh India-rubber contains water 
in such proportion that its insulating power is very low, and it 
is not a good insulator until dried. Unmasticated or virgin India- 
rubber appears to be more durable than the masticated material, 
it does not appear to be changed by contact with copper, if it does 
change, the alteration takes place very slowly. The Para gum is 
esteemed more durable than that from the East Indies, but it is 
much dearer; the latter is, however, suitable fot Nx^^^as^k^o^^ 
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Virgin rubber was foUnd to resist the action of raw anil boiled 
linseed oil and Stockholm tar. wherefis luaeticatcd rubber dia- 
solyed in tbe first, and waa swollen and gelatinised by iniiuemoii 
ia tlio others. Crude rubber cannot, bowever, be employeil 
economicnlly. It baa been proposed to employ the liquid India- 
rubber, but the employment of India-rubber in this manner on a 
large scale is impracticable. Masticated India-rubber is applied 
to wires as follows; — The cauotchouc being formed into large 
square blocks is cut int« tapes ^" thick, these are stretched and 
wound on tjic wire, tie whole is then iiumerBe<l in water at 
140° to 150* F. to consolidate the rubber J the joints are so perfect 
that they cannot be diacovered, and will not tear open. This 
process was employed by Messrs. Silver ik Co. ; the tapes may b« 
half an inch to an inch wide, several tapes may be anperpoiwd, 
and each tape may form two or more layers. The objection to 
the above process is that heat spoils tlie material, prolonged 
exposure to heat causes it to become tarry. Naphtb* and other 
solvents have been applied to the joints, but their urn is vary 
objectionable ; the joints are not durable, the use of the solvent 
induces rapid deterioration. Mr. Sieraena invented a method uf 
]}utting on the caoutchouc without heat or solvents; the material 
was cut into tajyes of suitable width, the wire, together with two 
tapes, wore passed between two grooved vollera, the freshly cut 
edges of the tajies were pi-essod together, thus the covering had 
two longitudinal joints; in putting on two or more layers the 
joints of one layer were placed in the centre of the tapes of the 
next. Unless this joint be subjected to heat it may be torn o]>en. 
As caoutchouc changes when in contact with copper, the copper 
must be covered by some material which does not act on the 
caoutchouc; in the earlier cables cotton, hemp, and similar 
materials wore used to cover the copper, one short cable of this 
kind was found to work after being under gi-ound twenty years, 
but the general results were not encouraging, Mr. W. Hooper 
invented a mode of forming the material into blocks by compres- 
sion; after cleaning and washing the crude rubber, before masti- 
cating, compressing, grinding, or dissolving it, it is heated to 
250° F, in a closed chamber for two houra ; it is thus rendered 
much easier to grind and more soluble, and may be compressed 
into a solid block very similar to masticated India-rubber without 
previous mastication. Mr. Hooi)er also applied the tapes to the 
wires at a. uniform temperature, (about 60° F.) Mr. Hooper plates 
the wire to be covered with India-rubber with tin or a tin alloy, 
either put on the wire after drawing or drawn down with the wire. 
The only mode of covering wires with India-rubber at present 
used to any appreciable extent fot cables is that of Mr. Hooper ; 
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the copper wire is plated, then covered with ordinary rubber put 
on spirally, over this is put on with a die a thin covering of a 
mixture of India-rubber and oxide of zinc, termed the separator — 
a compound of this kind is described by the inventor, it consists 
of two parts by weight India-rubber, and one part oxide of zinc, 
gi'ound for three hours with heated rollers ; over the separator 
the wire is covered with India-rubber kneaded with sulphur 
(termed the jacket), the whole is then subjected to steam heat of 
350° F. for four hours. The inner covering is put on spirally, 
the jacket is put on longitudinally, or spirally, the application of 
the jacket protects the inner layer during the application of heat, 
the heating vulcanises the jacket and consolidates the whole, the 
separator hinders the sulphur from passing from the jacket to the 
layer in contact with the wire where it would combine with the 
metal. A trace of sulphur does pass through, as it has been 
found, and a film of dark-coloured matter has been observed on 
the 8urfisu;e of the conductor, but apparently not to an extent 
practically injurious. The core is joined by first laying on a tape 
of masticated rubber, then a tape of separator, and finally tapes 
of jacket, the joint is then subjected to heat to vulcanise the 
jacket. The following is a mode of making joints in Hooper's 
core : — The core is usually covered with a coating of felt, this 
is removed for about twelve inches from each end of the core by 
applying naphtha and brushing with a wire brush. The insulator 
is cut off to bare the conductor for two or three inches at each 
end, and the conductor is joined in the usual manner ; but the 
solder used must have a melting point higher than the vulcanising 
temperature (300** F.), or it will run and spoil the joint in the 
process of vulcanising ; any of the soldering alloys which melt 
at a suflGlciently high temperature (Paragraph 387) may be used, 
pure tin is commonly used in India. The insulator is tapered 
down to the conductor on each side of the joint by cutting it with 
curved scissors; the taper is made about two inches long on each 
side, it shoiild be made regular in figure and the surfaces kept 
chemically clean and free from moisture. A tape of pure masti- 
cated rubber is laid on helically from the separator at one end to 
the separator at the other end of the joint, and back again wound 
in the contrary direction ; the ends of this tape are fastened by 
pressing them down with a heated knife blade or tooling-iron. 
Over the masticated rubber is wound on a white tape of sepa- 
rator, this is put on in one layer extending from the edge of the 
jacket at one end to the edge at the other end, and the ends of 
this tape are also made to adhere by the application of a heated 
tool. Over the separator is wound a tape of India-rubber, mixed 
with Bulpbur^ this tapo is coloured red for dia\ASlc^\QT^^^ft ^s^ \f^ 
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on in three layers, the last layer is extiaidcd for two inches on 
each siile over the uncut core, the lattep being seared with a hot 
iron before cutting the core down with the BCiBSora to ensure 
chemically clean surfaces. The joint is covei'ed with a tight 
sewing of strips of calico in two or three layers, the ends of these 
nro secured -with a thick India.rubber solution or aometimea pre- 
ferably with twine; the joint ia ready for heating to vulcanise 
the jacket. The tapes should be stretched and put on tightly, 
great care should be taken to roake them lie closely so as to 
exclude air; the surfaces to adhere should be chemically clean, 
and the greatest care should be taken to keep these surfiice.3 dry 
by working with dry hands and drying the conductor and each 
layer. The joint having been completed as described should be 
exposed to a vulcanising heat to vulcanise the jacket, eolidify the 
joint, and cause perfect adhesion between the materials applied 
and tlie core at each end. After vnlcanising one or more laye» 
of the outer cotton, tape should be removed and the joint examined. 
As the steam jacket and other sources of heat used commonly 
in vulcanising, are expensive and difficult to obtain and use ia 
telegraph work, the source of hent employed is commonly a buth 
of some niisturo which melts at the required temperature ; bi.^s- 
«-ax saturated at n tempcRiture of 200" ¥. with asphalt awl 
strained has been used in India. Tlie mixture is melted in a 
suitable vessel by means of a charcoal fire, it is then allowed to cool 
alniost to the temperature nt which it solidifies, the joint is then 
immersed, and the whole is heated gradually until the bath boils ; 
the fire is then removed and the whole allowed to cool until the 
compound is about to solidify, when the joint is removed from the 
bath and immersed in cold water. The above will convey a general 
idea of the mode of joining India-rubber core; the manufacturers 
issue directions with the necessary material for joining core of the 
several patterns they manufacture; the precise details of jointing 
must evidently vary with the size and the composition and arrange- 
ment of the constituent elements of the ptn-ticular sample of core 
to be joined. If stranded wire be used thecentre wire of the strand 
ia covered with separator, and the other wires are laid into this. 
As compared with gutta-percha. India-rubber has the following 
advantages ;— It is not affected by elevation of temiierature below 
212° F., whereas gutta-percha core is softened at 120° to 130° F.; 
it is a better insulator, and has a lower inductive capacity than 
gutta-percha. It ia more resilient and therefore fer less liable 
to mechanical injury, a vehicle may be driven over rubber core 
■without sensibly flattening it permanently. Hooper's core is 
much more durable than gutta-percha when exposed in the 
tropica; ladia-nibber core ia more fiesiblc than gutta-percha 
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core, and is therefore better suited for movable connections. 
The disadvantages of India-rubber are the following: — it absorbs 
more water than gutta-percha, both materials absorb much less 
in salt than fresh water, the absorption of gutta-percha is very 
Blight indeed in salt water — this absorption is not found to 
i-educe the insulating property to an extent of practical importance 
in thick masses, as ordinary covered wire, but in thin plates it 
seriously impairs this property. Hitheiiio India-rubber could not 
be safely joined, but this difficulty is got over in Hooper's core ; 
the system of cooking under a jacket seems to effectually con- 
solidate the whole without damaging the pure rubber by heat^ 
and the joints made in the finished core appear perfect; India- 
rubber becomes viscid in contact with copper, but this is got 
over by coating the copper with tin, and although the rubber 
has been found slightly sticky this does not appear to occur to 
an injurious extent, and probably does not occur at all under 
water; the sulphur in the vulcanised rubber in some cases has 
been found to have slightly attacked the metal, but to an insig- 
nificant extent. India-rubber is affected by greasy matters 
which preserve gutta-percha, such as boiled and raw linseed oil. 
India-rubber is not uniform in quality as gutta-percha, and 
mixed qualities are inferior in durability, but this objection has 
no force if the rubber be vulcanised. Gutta-percha core can be 
more readily joined than India-rubber core, as the latter requires 
cooking; this is a great objection to the use of this material for 
underground wires in towns and for some other purposes, but is 
of less moment in the case of a cable. The great objection to 
the use of India-rubber was the fact, that as gutta-percha had 
been studied and was well understood, it was better to keep to 
the employment of this material than commence anew to risk 
capital on an untried material, gutta-percha having been suc- 
cessfully applied only after many costly failures; but at present 
there is more data on which to base a judgment ; from informa- 
tion furnished by the manufacturers it appears upwards of 9000 
miles of Hooper's submarine cables have been laid or are to be 
laid, including 5000 miles for the Great Western Company, and 
a sample cable was laid as long ago as 1863. There is much 
difference of opinion on the subject; the engineer can, however, 
now examine for himself into the respective merits of cables 
actually in operation. Various compounds of India-rubber with 
shellac, gutta-percha, and other matters, have been proposed 
from time to time ; one of the best is Wray's compound, this is 
composed of shellac. India-rubber, and powdered silica or alumina, 
and about one-ninth gutta-percha ; it is put on with a die, but is 
obviously inferior to vulcanised India-rubber. 

T 
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Section in. — Porcelain, Ivory, Pamgin, ix. 

364. Porcelain and stoneware. — Glass, indurated c&ont- 1 
cliouc, varnished wood, and poroelain and atoneware bave been. 1 
tried as insulating materials for land lines ; but porcelain aad 
stoneware are the only materials in ^neral use. The materials 
actually used are several yarietios of white porcelain and brown 
earthenware. Clay is the basis of porcelain and stoneware ; it 
is a hydrous silicate of alumina, differing greatly in the relative 
proportions of aluntina and sUicti ; it generally contains mechani' 
cully mixed lime, magnesia, and small quantities of other sub- 
stances, and is produced as a rule by the decomposition of. 
fekjiatliic rooks. The day used for porcelain, tormed pore^am 
earth or kaolin, is white or yellowish in colour, and retains ita 
colour when baked ; potters' clay used for stoneware is similar 
to the above, but coarser, and some kinds change colour in bak- 
ing; both kinds of clay are infusible in the porcehun fumM& ' 
Clay alone is too contractile when acted on by heat to admit of 1 
it being used alone for pottery, as it would crack and warp in 
the kiln ; it is tlicrt:fon> uuxed with a sillcioiia siil>staiu-e to 
reduce the contraction; the substance usually used is Jliat 
powder, prepared hy throwing flints heated to a red heat into 
water to render them brittle, and then grinding them to powder. 
This paste is not fusible, and is therefore mixed with a flux ; 
the flux used is a feispatiiic rock which is calcined, ground to 
powder, and mixed with the clay and flints ; it is composed of 
silica, alumina, potash, and time ; chalk or some other salt of 
lime is sometimes added. The paste described softens slightly 
in the kiln and becomes translucent ; when baked its fracture 
presents a semi-vitrified appeumnce — this is tei'med hard or 
genuine porcelain. If the fusible ingredients be in greater 
proportion and more fusible, the product is temied soft or tender 
porcelain. Hard porcelain is glazed with an earthy glaze, soft 
porcelain is glazed with a soft kind of glass containing oxide of 
lead. Hard porcelain is stronger, resists extreme alternations 
of temperature better, and has a much more durable glaze than 
soft porcelain. The composition of porcelain is varied by different 
manufacturers, but the nearer it approaches the hard variety 
described above the better is it adapted for insulators. Some 
insulators, as the so-called Prussian insulator, have a verj' 
vitrified fracture; others, as some English kinds, present the 
semi- vitrified appearance, shewing the paste has just softened 
in the fire. If the paste softens in the fire it is quite sufficient 
to 2>revent the absorption of water by the bodj- of the insulator ; 
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the use of an excess of flux should be avoided. Soffc glaze is 
readily worn through if the line wire rests on the porcelain, 
and as the object of the glaze is to present a smooth surface 
wliich may be readily washed by rain, and to which dirt will not 
readily adhere, a hard earthy glaze should always be preferred 
to a more brilliant but softer description. Stonetcare^ like porce- 
lain, is made of clay combined with flint powder and felspathic 
minerals, in some cases cement-stone or chalk is used to supply 
lime ; the flux causes partial fusion at the heat of the kiln. 
Formerly salt glaze was always used for this ware, but some 
^-are is glazed at present with an earthy glaze composed of flint, 
decomposed granite, &c. The composition of stoneware is greatly 
varied by different makers, but it appears that although stone- 
ware has a characteristic semi-vitrifled fracture, it contains less 
of the fluxing material than porcelain, and the vitrification is not 
therefore so strongly marked ; for this reason only the best and 
specially made stoneware is suitable for insulators. This ware 
is cheaper than porcelain, and is extensively employed. The 
soft material is fashioned by throwing and turning, by making 
the paste semi-fluid and casting it, and by pressing the paste, 
made rather stifl*, into moulds ; the third mode is that employed 
for making telegraph insulators, as it produces the demsest and 
strongest insulator, and reduces to a minimum the possibility of 
faults, such as cavities and cracks ; the material is used as dry as 
practicable, and pressed into strong moulds with considerable 
force. The use of a stiff paste has also the advantage of reducing 
the shrinkage in the kiln; in statuettes, which must be cast, 
the shrinkage reaches 25 per cent, in volume, the result is con- 
siderable loss by warping and consequent enhancement of cost. 
Both stoneware and porcelain offer great resistance to crushing, 
but they are unsuited to resist a tensile load ; thus in shackles 
and insulators the porcelain should be subjected to compression 
only. Porcelain is not suited to resist shocks, and care should 
therefore be taken when placing a load upon it to do so steadily; 
the iron caps of insulators serve to protect them against fracture 
from this cause, and they also help to keep the pieces together 
should the porcelain be accidentally cracked. If the line wire 
rest directly on the porcelain it wears off the glaze ; this effect is 
also prevented by the iron hood. As porcelain is so brittle and 
deficient in tenacity, the use of a cement which expands destroys 
the insulators ; cement of iron filings and sulphur is a most 
destructive material in this respect. The cements in use for 
cementing the cups of insulators are treated of in Chapter I., 
section 4 ; in some patterns the stalks are not cemented in ; ibs^ 
Prussian pattern insulator has the stalk ^%di Vl^ \q^ ^S:^^k^ 



2TG PB0P£HT1E3 AND APFLICATIONa OF UATERtALS. 

in petroleum — this must tend to deaden ahocka, but the hemp 
shrinks and requires renewEil niter a few years' exposure ; it is 
necessary before putting in the stalk to place a small pad of tow 
in the bottom of the hole — a precantion often neglected. Some 
insulators Ikave a, metal female screw cemented into them into 
which the stalk is screwed ; this has some advantages, but is not 
necessary, and it increases the coat of the insulator. A very 
small crack in the porcelain of an insulator is sufficient to 
serionsly impair its electrical efficiency, but the insu- 
lating power should not be impaired by injuiy to the 
glaze alone ; thus before testing the electrical value of 
an insulator a large pat«h of the glaze should be 
ground through. The glaze should simply act mecha- 
nically to preserve the insulation. If the edge of an 
I « insulator cup bo rounded, aa 1 (fig. 66), water does not 
Fit;. CG. ^" readily drop off as from a sharper edge, aa 2. It is 
also on advantage for the outside aurfacea of the cu[« 
to be as nearly perpendicular as possible, as they are then more 
readily washed by rain, and less dust remains on them. Insu- 
lators which have several concentric cups are diflieult to clian 
and examine ; these can only be cleaned by removal from the 
line. For short lines in towns single cup insulators are suitable; 
they are cheaper than the double cup patterns, easier cleaned, 
and have ample resistance ; but for long lines double cups are 
employed. Insulators fixed by screws through ears wholly of 
porcelain or stoneware are sometimes used for thin wires ; tbey 
are unsuitable when thick wires are used. 

365. HoRN.^Theuseofhorn in telegraph instruments has been 
generally superseded by that of ebonite; but horn is often much 
cheaper, more easily procured, and well varnished it serves very 
well for common instruments, or for temporary purposes. Horn 
may be cut cold with a saw, and when heated it may be fashioned 
with a knife as easily aa deal; it is distinguished from bone by 
containing a greater proportion of gelatine. 

366. Ivory and BONE.^Bone has to be purified before it can 
be employed, and as it is purified by the action of hot water it 
loses a portion of its gelatine, and has its original strength and 
elasticity impaired by the process. Ivory has loss gelatine than 
bone, but it does not need purification; it is stronger and denser 
than bone, and is free from pores. It requires seasoning like 
wood, it shrinks both longitudinally and transversely, the former 
much less than the latter; it ahrinks unequally in the directions 
of the tangent to and radius of the cross section of the tusk. It 
absorbs water to a very slight extent. Ivory is cut with a saw 

£tted in a steel frame — tbe Unde atwuld be 15 to 30 inches long, 



IVORY — PARAFFIN. 277 

from 1'5 to 3 inches "wide, and about *02 inch thick; the teeth 
should be five or six to the inch, sloped a little forward, slightly 
set, and very sharp ; the saw should be lubricated with solid fat, 
and at entering it should be guided very correctly, and with no 
pressure but that of its own weight. Ebonite is cut in the same 
manner as ivory, but being cheaper less care is taken to avoid 
waste, and being without organic structure ebonite is not so 
likely to split ; it is easier to cut up than ivory. Ivory is most 
frequently used turned, it is used for labels, handles, &c., outside, 
and as insulating material inside telegraph instruments, as gal- 
vanometers, relays, etc. ; it has been largely superseded as an 
insulating material by ebonite, but is still used and will probably 
continue to be used as an insulator for lining small holes through 
metal plates, &c. Ivory is best joined by cement made of isin- 
glass dissolved in dilute alcohol or gin, by simmering in a water 
bath for an hour. 

367. Paraffin, from parum ajlnis, is a fatty substance, as its 
name implies chemically very stable and indifferent. When 
pure it is solid, inodorous, tasteless, colourless, and translucent, 
somewhat resembling spermaceti, but with less apparent crystal- 
line structure. Specific gravity '870; it melts at from 113? F. 
to 149° F., forming a thin colourless oil; it boils at 698° F., and 
with care may be volatilised without decomposition. It does not 
absorb oxygen from the air at ordinary temperatures; it bums 
with difliculty without a wick, readily and brightly with one. 
Paraflin is insoluble in water, soluble in 2*85 parts of boiling 
alcohol, but it separates completely on cooling, forming snowy 
crystals; it is much more soluble in ether and in oils, it is not 
attacked by chlorine unless melted; it resists dilute nitric and 
sulphuric acids, it is attacked but slowly by strong sulphuric 
acid even at 212° F., it is decomposed by strong nitric acid aided 
by heat. Paraffin is the solid portion of the mixture of oily 
hydrocarbons produced together with other substances, by the 
destructive distillation below a low red heat of dififerent organic 
bodies and bituminous minerals; it is also a constituent of many 
varieties of petroleum, and is found native in bituminous strata. 
The actual sources of supply of paraffin are — tar obtained by 
distilling coal, bituminous shale, peat, and mineral oils. It is 
probably a mixture of several hydrocarbons; its ultimate com- 
position varies with the source of supply, the percentage of 
carbon varying between 84-60 and 85*31, and of hydrogen be- 
tween 14-23 and 15*4. Paraffin is used to protect covered wires 
forming the connections of electrical instruments; gutta-percha 
and caoutchouc covered wires may be thus protected ftora con- 
tact with the air, and have their original in8ul8.tiQ\:L t^^^^^ 
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preserved ; the paraffin is poured into the base board contaiui 
the conaectionfl to be protected, so that when it solidifies f 
coniiectiug vires may be enclosed in a solid block of poratfia, 
Melted paraffin spread thinly on absorbent baok post papei^ 
forma n dielectric much used in making condensers or accumtt> 
lators for ordinary use in telegraph offices, tinfoil and papet 
Baturatnd with imi-afiiii are alternated, and the required cxLes' 
of surface having been arranged in this manner, the whole i 
enclosed in a suitable box, which is then lilled up vith melted 
puraHiii to form a solid mass. Paraffin used in the uiannei 
scribed serves not only to preserve tlie insulation, but to proleoi 
thill sheets and 'wires against mechanical disturbance. 

338. Dbyiso Oils. — Di-ying oils are fixed oils which have been 
lioiled with a metallic oude, usually litharge, an oxide of lead; 
the metallic oxides commonly used are technically termed dryen. 
Oil 80 trentod whoa used as a varnish quickly dries and leaves a 
coating of varnish - these oils are used in painting for Tarnishing 
out^door woodwork, &c Factitious gum used for making catheters 
and other surgical inatrnmenta, ia made of drying oil rendered 
thick by prolonged boiling; Japanned leather furnishes another 
example of their employment, the varnish being very flexible 
and not liable to crack when the work is well done. Drying oil 
is an excellent varnish for wires covered with silk or cotton, but 
it ia not generally used as an insulator; this with other matters 
used as flexible varnishes deserve consideration by the telegrojih 
engineer. Mr. William Hooper has obtained provisional protec- 
tion for the application of a compound adapted to telegraph pur- 
]>oses; the specification is numbered 37t^0, and dated the 20th of 
November, 1873, and the following description is from the specifi- 
cation ; — The object of the invention is the preparation of a com- 
pound for applying to cables, either directly to the conductor or 
over another insulator, preferably India-rubber, and suitable for 
applying with cotton, tape, or other fibrous matorial, and for 
covering wires generally. The compound ia obtained from the 
distillation of cotton-seed oil, or the " foots" of this or any other 
vegetable drying oil; the soft tar or oil is oxidised by nitric 
acid aided by heat, and mixed with hard pitch obtained by 
dbtillation of cotton-seed oil, or otlier vegetable drying oil. 
The compound is sufficiently fluid for use at 300° F., it is a good 
insulator, unaltered by water, tough and not readily cracked by 
bending, and free from naphtha, tar, pitch, and other materials 
likely to impair the insulating property of India-rubber. The 
inTentor also saturates the fibrous yams used in telegraph cables 
with soft pitch, obtained by the distillation of cotton-seed oil, or 
other vegetable drying oil Messrs. Hooper and Diinlop, the 
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inyentors, state they sometimes substitute for sofb pitch oxidised 
by nitric acid, a closely-resembling material " oudroic^* obtained 
as a bye-product from the distillation of matters containing 
stearine, and chiefly imported from Holland. Another compound 
has been invented by Mr. Madsen, it is described in the specifi- 
cation as suited for use as an insulator in cables. It is com- 
posed of one part by weight wax, one-half resin, three-fourths 
paraffin, one-half crude turpentine, and one-eighth tallow. For 
saturating tapes the inventor uses one part Stockholm pitch, 
one-fourth wax, and one-eighth tallow. 



CHAPTER IV. 



Operations and Manipulation, including Drawing and 

Surveying. 

Section I. — Ropes and Chains; Straining Wires and Raising 

HeoAry Bodies, 

369. The best blocks for telegraph purposes have iron shells, 
brass sheaves, and steel spindles; they should be as light as 
consistent with strength. Chains are not used for raising 
weights or straining up lines, as the tension in these cases is 
not so great as to render the use of them advisable; but they 
are used for lashings, as stays for standing masts, kc. Chain is 
of two kinds — crane chain, in which the links are small and oval, 
and chain cable, in which the links are somewhat longer and have 
a stay or stud inserted transversely in each link. Oval-linked 
chain is seldom used of iron above an inch in diameter; the 
weight of this chain in pounds per fathom is as follows: — 

%" 8-5; Y 14; |" 24; f 32; l" 44; 1" 56. 

For particulars concerning the strength and distribution of stress 
in chains, see Paragraphs 97, 318, and 331. When chains are 
used as lashings they are wound several times round a picket, 
timber head, or other suitable body, and the end is secured with 
yam; or the chain may be loosely knotted and the end secured 
in the same maimer. Small chain in short lengths is sometimes 
used with straining winches. 

S70. Ropes are made from hemp or Manilla; hemp fibres vary 
from 3 to 3^ feet in length; these fibres axe t^ns^^Tv^Xr^^abscA^^ 



2S0 PllOPERTIES AKD AVPLIfATIONB OF MATERIALS. 

into 3rania, the jrams left-hnnded ioto Btrtinds j tbree stra 
twisted right-handed form a hawser rope. The twisting c 
so much friction between the fibres that when subjected ti 
sion they are not drawn asunder, but the force is resistt 
all the fibres together. Formerly ropes were twisted by h 
aided by very simple appliances, but now most ropes are mads 
by machinery. Ro[)e3 are distinguished in size by their girth la 
inches — e.g., a lO-inch rope is a rope 10 inches in eireun^ertntx, 
Hand-tnade ropes are about '^ per cent, heavier thun machtne- 
niade, both containing the aame number of yarns and measuring 1 
the same in girth. Machine-made rope is however the BtrongeTiT 
for the machinery so twists the yarns into strands, and tbtf 
strands into rope, that every part is equally strained when th^ 
rope is loaded. Machine-made ropes of different sixes are e^^ml'l 
in strength per unit of sectional area, but hand-made ropps difleea 
widely — e.g., the difference of strength per unit of area wu 
found 33 per cent, less in an 8-inch ropo, than in a 3-inch ropi 
of the same quality hemp. Ropes made without tar are c 
white ropes; tarredropeshaTetheyamspassed through the tar hoFa 
or cold. Tarred rope is weaker tliaa white rope, that tarred cold 
is about 25 pci" cent, weaker; ropes tiirrijil hut are 10 to 20 per 
cent stronger than those tarred cold, and they arc equally strong 
per unit of area in different sizes, but the strength of ropes 
tarred cold varies widely in ditferent sizes; this difference of 
strength is 14 per cent, between an 8-tnch and a 3-inch rope 
in favour of the latter. Tar acts on the strength of rope by 
diminishing the friction between the fibres, and by acting chemi- 
cally on them ; tarred ropes maintain their strength longer th&n 
white ropes, particularly when exposed to water; but to ensure 
this result the tar must be freed from acid matter likely to 
destroy the fibres, otherwise the tar is very prejudicial, hastening 
the decay of the rope, so that in warm climates the rope becomes 
useless in about three years. Messrs. Chapman of N^ewcastlo 
proposed boiling the tar with water to remove the acid and 
mucilage, tlien concentrating it by boiling, and thinning it down 
with fat or oil. Navier states that tarred cordage, deducting 
the weight of tar, is as strong as white rope of equal weight; 
that the tar diminishes the strength of the rope ■with time and 
makes the tarred rope less durable than white I'ope ; the same 
author states that saturating cordage with fat or oil weakens it 
without increasing its durability. Tar is now carefully purified, 
BO that it is not so destructive, and machine-made ropes are more 
constant in strength; the immediate effect of tar on rope has 
probably been exaggerated, but there con be no doubt that car&- 
fuUf prepared it acta as a preservative. The quantity of tar by 
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weight varies between 15 and 21 per cent, of the weight of the 
hemp. White ropes being more flexible are perferred to tarred 
when required to pass over pulleys. In India Manilla ropes are 
used, they are about as strong as tarred hemp, and are more dur- 
able than untarred hemp; they are often saturated with a pre- 
servative, probably some stable fatty derivative from petroleum. 
Authorities differ very widely in stating the strength of ropes. 
Hankine states "hempen ropes" have a tenacity from 12,000 
to 16,000 lbs. per square inch, these are presumably untarred; 
he states the strength of a 1-inch hawser at 1,050 lbs., equal to 
about 13,000 lbs. per square inch. Glyn's old ropemaker*s rule 
gives 5,622 lbs., this is for hand-made rope; Morin states the 
French rule for tarred cordage is 6,150 lbs.; Captain Huddart's 
experiments gave 7,293 lbs. for a 3-inch and 5,473 lbs. for an 
8inch rope hand-made of common hemp, and the tenacity of ropes 
of the same sizes of Petersburg hemp were 8,710 and 6,500 lbs. 
respectively; machine-made ropes were stronger — e. g,, 3-inch 
tarred cold 12,155 lbs., tarred hot 12,480 lbs., 8-inch cold register 
10,660 lbs., hot 12,480 lbs.; Navier's experiments gave for a 
cord rather above 1*6 inches 13,514 lbs., for a 2'1-inch rope 
12,092 lbs., for a 6 •68-inch rope the strength was only 6,899 lbs., 
intermediate sizes gave intermediate results; the mean of the 
series of experiments was 9,947 lbs. per square inch. Mr. 
Anderson {Strength of Matericda) states the strength of ropes is 
usually considered be be about 6,400 lbs. per square inch; this is 
a high value for hand-made rope, but too low for machine-made 
rope generally used, nor is it generally accepted, as appears from 
the above authorities. The same writer states the results of 
recent experiments made at Woolwich were from 9,874 lbs, in a 
9-inch to 10,783 lbs. in a 2-inch rope. Considerable difference 
in strength was found to exist in ropes cut from the same coil, 
the actual tenacity of 4-inch ropes varied from 5| to 7^ tons, 
6-inch ropes from 14^ to 17 tons, and 9-inch ropes from 25 to 
29^ tons. After being used the strength of an apparently good 
6-inch Italian hemp rope was 10*75 tons, that of a similar new 
rope was 14*25 tons; an old 6-inch Bussian hemp rope broke with 
5*5 tons, a similar new rope with 11*25 tons. The great differ- 
ences in the above figures are explained by the ropes being 
very different in quality, some were machine-made, others hand- 
made, some of the ropes (or the hemp composing them) had been 
in store, others, as in Captain Huddart^s experiments, were quite 
fresh. Captain Huddart's results are the mean of three hundred 
experiments, and the values obtained for hand-made rope are 
confirmed by other authorities ; for the machine-made ropes the 
values approach those adopted by Professor E»£kkixi^ ^^D&s^ 
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atreugth of new hftnd-mftde rope varies with its size: if of gorfll 
quality it is about 6,000 Iba. per square inch for 7 or 8-iiich r 
and may he 8,000 lbs, for a 2 or 3-inch; machine-nuule i 
tarred cold 10,000 to 12,000 lbs., tarred hot the atreiigth is 
constant and about 13,000 lbs. ; white rope, machine-inade. 
12,000 lbs., attaining the values given by Professor Ba 
The above refers to haweer'laid rope, the most solid kind of r 
mailo ; three hawsers laid together left-banded form a cable. 
reason of the interstitial siiact* being proportionately great?; . 
the completed cable be measured the tenacity cnlciilated on tha* 
measui-emont will be proportionately toss than that of the Iiawsen 
taken sepaiately; thus the tenacity of cables is about 9,000 lbs. 
per square inch calculated on their girth. Shrond-Iaid rope is 
composed of foiu' strands laid on a central heart or core. The 
above (igiirea apply only to new ropes made with new hemp i>f 
good quality; if the hemp be kept in store before or after being 
mnde into rope, there is rapid deterioration, ropes which havs 
been long in store should therefore be tested before use; a pe^ J 
fcctly new 3^inch white rope which had been sometime in stoi*^ 
in India kept dry, but exposed to the light, broke with at most 
ono-sevanth of its iiltiranto ioad when lvr\h. If common lu/i]ii> be 
used the above values must be reduced. Ropea should be kept dry 
and in the dark, they should be aired periodically; if on opening 
the strands the centro smells musty and appears discoloured, the 
rope is damaged. To test a rope entire is difficult, requiring 
great weights or heavy machinery; about a yard should be cut 
out and several of the inside and outside yarns tested by using 
them separately to suspend a weight. In testing ropes supplied 
by contract the inner yams should be most carefully tested, and 
the pieco cut out should not always be from the end but prefer- 
ably from the middle of a coil, AH doubtful roiiea should bo 
tested, and ropes taken from store should be tested before use 
for heavy loads. Eopes deteriorate rapidly in use, probably from 
injury to the outside by friction, cutting, Ac. Italian hemp is 
somewhat stronger than Russian, white Manilla rope is about 
25 j>er cent weaker than hemp ; best quality hemp is 20 per cent, 
stronger than common staple hemp. Jute is sometimes used as 
rope, often roughly made up by hand; it is very inferior in 
strength and durability to hemp. Cocoa-nut £bre termed eotr 
is also used for rope ; this rope is very inferior in strength, but 
IS very elastic and durable when exposed to wet, therefore it is 
much used for cables. Ropes are proved to half their ultimate 
tenacity, and worked to half thair proof strength for a dead load. 
Mr. Anderson states the factor of safety is 5 as the results of the 
Woolwich experiments. If the rope be tested and new 4, and 
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after use for a short time 5, should be used ; if the rope be worn 
or otherwise injured fiill allowance must be made for such 
deterioration, the rope being tested occasionally; the factor for a 
live load should be 10. Ropes are joined by a long or short 
splice, the former is used when the rope has to reeve through a 
block ; a short splice is also used to make an eye on the end of a 
rope, in which case it is termed an eye-splice. The ends of ropes 
should be served with yam or thin wire by means of a serving 
mallet to prevent the rope opening and wasting. The tools used 
lor splicing and serving rope are the marline spike and serving 
mallet; serving and splicing are best learned from personal 
instruction ; joins and eyes in tackle ropes should be spliced, as 
knots are apt to catch the plies. The best knots are those 
which do not jam (as they are readily imtied), and yet ,do not 
slip when strained; as knots in thick ropes cannot be drawn 
tight they may be hammered close with a mallet, and the end 
should be secured to the rope with yam. Long ropes should 
not be imnecessarily cut, as they cannot be joined again as before. 
371. Line wires are held and attached to straining tackle by 
daws, eccentric tools, or a kind of vice ; the leverage of the 
claws being short, they are liable to slip under considerable 
loads. Both the ordinary claws and the vice injure the zinc 
coating of the wire; draw-tongs with the jaws guarded by pieces 
of hard wood would probably be found an improvement on the 
patterns in general use. In India rope stoppers are generally 
preferred ; they do not injure the wire nor slip, but they take 
a longer time to adjust than the vice or claws. Hope stoppers 
are of two kinds : that most generally used is a piece of rope 3 or 
4- feet long, one end is served with yam or wire, the other end 
has an eye-splice in which to insert the hook of the straining 
tackle ; the rope used is generally 3^" tarred rope. This stopper 
is used by partly untwisting the rope and laying the wire 
between the strands for li to 2 feet, securing the ends of the 
stopper to the wire with thin wire or yam. The other kind of 
rope stopper is only used when the rope at hand is too thin for 
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the first kind, as it takes longer to adjust and is more liable to 
slip ; this is made by doubling a piece of rope and putting on a 
serving of wire or yam round the double rope near the bight ; 
this stopper is applied as shewn in fig. 67^ by being crossed 
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ftltemiitely over and under the wire AB; it is secured to U» 
wire at several of the pJaces where it is crossed with yam o^ 
wire, and the tackle hook is inserted ia the bight C. For rop« 
stoppera 3^-inch tarred rope, for ordinary strftining tackle SJ- 
iDc)), and for light portable tackle, used only occosioiiSilIy for 
re]miriiig lines broken by accident, IJ-inch whit« rojres, An' 
Bizea found convenient in practice; each length of rope for 
ordiniH-y straining purposes is 40 to 50 yards. The sizes of 
ropes given above are for straining heavy wires, as No. 4 or even 
larger, but the size may be reduced when the line wu-ea are aH 
thin, as Nos. 9 to 12. The blocks used together are either ooa' 
Hingle and one double, termed a lulT-tackle purchase, or ons' 
double and one triple, termed a gun-taokle purchase — the ply o^' 
rope hauled on ia termed the tackle fall ; the former taekle ii 
lighter, and should be used when poi'tability is of tmpartanoo 
■with the thin rope, the advantage in power is about 3 ; thft 
second tackle has the advantage of preventing the line beinf' 
strained in jerks, and the advantage in power is 5. Tacklft^ 
should be hauled on steadily and not in jerks ; it is often veiy 
difficult to get this in India with coolies, hence the gun-tacklo 
purchase is prefcrrcil ; in Eiir.i|»., \shh umil- skilled labour, the 
lighter and quicker tackle should be preferred. For hauling up 
wires at tenninal posts a winch with a ratchet is commonly 
used ; a short length of rope, chain, or strap winds round the 
barrel, and carries a vice or claws to seize the wire ; in India 
the ordinary tackle is more generally employed, but the winch is 
more convenient for town lines, particularly when the wires are 
thin aiid numerous. 

372. The largest timber mast necessary to raise in one piece 
do«3 not exceed 70 to 80 feet in length, but standing masts 
seldom exceed CO feet ; sheet-iron masts exceeding CO feet in 
length are seldom raised in one piece. Timber masts are more 
difficult to raise than iron ones, becaxise the timber mast is not 
only usually heavier, but the matter in it is distributed over its 
whole length, whereas in an iron mast the base ia usually cast 
iron, and a large proportion of the weight of the mast is hence 
concentrated in the lowest part. In erecting telegraph masts 
heavy blocks and thick ropes should be dispeused with as much 
as jioBsible ; they are expensive to purchase and carry, not gen- 
erally useful, and the ropes deteriorate with keejting; smaller 
rope in a greater number of plies should be substituted when 
piTtcticable. Masting shears cannot be carried, if necessary 
temporary shears must be made on the spot ; neither capstans, 
windlasses, nor crab winches are usually obtainable, hence it is 
necesBary to work safely and efficiently with very simple 
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appliances. In raising a mast the lifting force required should 
be reduced by avoiding to lift the fodt of the mast off the 
ground ; in masting a ship it is necessary to lifb the mast clear, 
but the heel of a telegraph mast need not be lifted from the 
ground, while if the mast to be raised be of iron with a cast- 
iron base, the extra weight of the foot may be made to assist in 
raising the mast. If an iron mast has to be built up in small 
pieces, the pieces are usually tubes with angle iron flanges, and 
bolts through the flanges are used to fasten the pieces together ; 
in this case, after the hole has been dug and the foundation pre- 
pared, the cast-iron ground tubes are lowered into the pit by 
means of a derrick erected a short distance from the hole, the 
top of the derrick being over the hole. A derrick consists of a 
single spar of suitable length, seldom exceeding about 30 feet, 
inclined slightly from the vertical, and held by three ropes 
fJEUstened to its head ; one termed the stay in the plane of the 
spar prevents the spar falling in the direction of its inclination, 
the others are termed guys, and are fastened in a line passing 
under the head of the spar, and at right angles to a line from the 
foot of the spar to the anchor of the stay ; the derrick is used by 
hanging a tackle from its head, the head may be moved by 
hauling on one guy and slacking away the other, but this motion 
is not required when lowering small weights into a hole. The 
derrick is generally used for weights up to about a ton, but is 
also sometimes used for greater weights. The stay rope should 
be anchored a considerable distance from the spar; the foot 
should be secured from slipping by being placed in a hole, and 
should not be so near the edge of the foundation pit as to crack 
the soil ; if the latter is feared the pressure should be distributed 
by planks. A gyn or gin consists of a spar standing vertical, 
and kept so by four guy ropes from its head, anchored a con- 
siderable distance from the spar, the anchors being at the 
comers of a square of which the foot of the spar is at the 
centre ; this arrangement is very useful for raising small masts, 
and for lifting the pieces when building large masts. When an 
iron mast has been built above the ground level it should be 
continued as far as possible by means of the gyn resting on the 
ground, the spar is then raised by means of a tackle attached to 
its heel and to the upper part of the completed portion of the 
mast, the spar of the gyn becomes a kind of temporary topmast ; 
as the mast is built the spar is raised, until the mast is com- 
pleted. In the manner described large masts are built without 
scaffolding, and at far less expense thaii they could be raised in 
one piece ; as the spar is raised the guys have to be gradually 
loosened, but in all cases rope lashings slioxdd. \^ ^-v^ ^'^ "^^ 
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prevent the gyn ejiar toppling over while being lifted, the guys 
aloue hliould never be relied on ; the fall from the lifting tackle 
ehould reeve through a snatch block uear the ground, tliat the 
ineti may haul borizontally and keep from under the load lifted. 
Chain or rope lashings may be used to support the spar and 
attach it to the mast while the pieces of the mast are being 
raised, btit wrougltt-iron clnmpa are more conveniont ; these 
clamps consist each of two rigidly conneirted rings in the same 
jilane; the rings are closed by screwed bolts that they may be 
tightened round the maat anil spar respectively ; two clani]>a are 
used at a time, placed a siiort distance apart ; the lower acta as 
the trees, and the upper as the cap to the standing most. Each 
piece of the mast as raised has two light girt-lines attached to 
it, to enable men on the ground to keep it clear while ascend- 
ing, and guide it into its place when raised high enough. When 
a mast has to be raised in one piece it may be done economically 
in the following manner : — The foundation pit being dug and the 
fovuidation prepared, a cutting or trench should be made, opening 
at one end into the pit ; this cutting should be very little wider 
than the diameter of the foot of the mast, its sides should he 
as nearly perpendicular as the nature of the soil will allow, and 
its bottom should slope at an angle of about 45" down to the 
level of the bottom of the pit. The heel of the mast to be raised 
should be laid over the trench, its end being just within the pit; 
if the mast be a light sheet iron one with heavy cast-iron ground 
tubes, then the cast-iron part should be supported by pieces of 
timber placed across the trench until the mast is about to be 
raised. Four guy ropes are attached to the head of the mast; 
tliese are carried to strong pickets, anchors, or trees, which 
sliould be at a considerable distance from the pit ; two should be 
in the commoii direction of the trench and the mast as it lays on 
the ground, and two should be in a line at right angles to this 
direction, passing through the centre of the pit ; to the line 
l)assing to the side of the pit opposite to the trench, a strong 
tackle is attached to raise the mast when it has been lifted by 
other means to a considerable angle with the gi'ound. It is 
jiecesaary to fix the heel of the mast to prevent it from falling 
forward suddenly into the hole, and to so control its descent 
as to place it in the centre of the pit; this is best done by 
strong rope attached to the heel of the most, the ends being 
wound two or three times round two strong ])ickets placed 
one at each side of the trench, but a short distance from 
it, in strong ground. Having made the above arrangements, tlie 
inast is raised by the head by any of the means described below; 
whca partly raised it baa o. tftadency to slip into the hole, tho 
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ropes attached to the foot are held and gradaallj slackened, so as 
to cause the heel to fiaJl exactly into the centre of the hole ; the 
side guys are kept £EU3t as the mast is i^ised ; when the top of 
the mast is high enough, the tackle attached to the front guy 
rope is used to complete the raising, it is hauled on gradually 
while the opposite guy is gradually slackened, the pit should be 
at least half filled, and then by means of the guys the mast may 
be placed truly perpendicular. The mast may be raised the first 
stage by any of the following means : — If light, particularly if of 
sheet iron with a cast-iron ground tube which partly balances 
the wrought-iron tubes, hand shears may be used; these are com- 
monly used in India when bamboos are readily procurable, they 
are made of two bamboos or other light strong wood, tied together 
near one end, and crossing each other like the blades of a pair of 
scissors — six, eight, or more pairs of sticks are so tied, varying in 
length from about 4 feet to perhaps 30 or 40 feet ; the smallest 
shears are placed like trestles under the end of the mast, these 
are pushed towards the foot of the mast as larger shears are in- 
troduced, until several pairs are under the mast ; two men hold 
each stick, and as some lift others push their shears further 
under the mast until it is gradually lifted. Light masts, up to 
about 45 feet, may be lifted entirely by hand shears, and in India 
they are generally raised in this manner. To ensure success the 
side guys should be carefully looked after to prevent the mast 
being pushed to one side, when it might fall ; a full number of 
shears should be used, both to support the weight and because 
they are apt to break; the lifting should be done in short spells, 
all the men then work together to the sound of a whistle or the 
voice. In America pike poles are used instead of hand shears to 
lift wooden masts ; a pike pole is simply a light pole with an 
iron spike at one end. The mast to be raised is pushed up by 
means of a number of these poles, the spike being driven against 
the mast prevents the pole slipping off; pike poles are not so 
safe as hand shears, and when many men are employed together the 
pike pole is very dangerous, as the men are obliged to keep close 
under the weight to be raised ; shears should always be preferred 
when obtainable. This mode of raising a mast is not suited to 
very heavy masts, it then becomes dangerous to the men, but it 
is especially adapted to light iron masts likely to bend in lifting 
if not well supported. A light mast may be raised by a tackle 
attached to a gyn, this is somewhat more speedy and requires 
fewer men than with hand shears ; it requires a good spar and 
a quantity of rope for guys; the spar should not be erected near 
enough to the hole to crack the earth. Heavy masts are raised 
by means of shears or shear legs, these consist of two stoiit ^^^^^^^^ 
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strongly Inahed together near one end, they are erected to form 
an acuto Rngle over or near the foundation pit, and ar« kept in 
11 ]ier]>endicu!w: plana by two giiy ropes from where they cross, 
placed in a plane perpendicular t« the common plane of theeparai 
n tttrong tacklo is suspended from the lashing wliero the spars 
cross, and this tackle is used to raise the mast Plonks may 
BometimeB be used with advantage under the spars, or the latto- 
may be buried for a few inches iu the ground ; to ecoDomise rope 
the proper permanent guys of the mast should be attached before 
the mast is raised, and these should be temporarily lengthened 
with any piece of rope available, ao as to sorro as girt-lines to 
control the motion of the mast as it is raised ; these lines should 
be wound round strong pickets, and slacked away or taken in 
according to circumstances. The shear legs are raised by hand 
shears or by small shear legs ; the strength of timber necessary, 
and tlie load on a pair of shear legs or a derrick pole, may be 
calculated by formula? given in Part I., Chapter ii., sections 3 
uiid C, and Chapter iii., section 2 — e.g., a derrick pole and its 
stay rope togetner supporting a weight presents a case of the 
triangle of forces; the weight and the strtasea on the spar and 
the stay balance each other, and are related as the sides of a tri- 
angle ; if a pair of shears be inclined, this is a similar case, the 
two shear legs act together as a stmt and are equally strained ; 
if the shears be kept vertical the weight is balanced by the equal 
stresses on the legs ; the transverse leverage on an inclined 8[iar 
varies as the cosine of its inclination to a horizontal line, &c. 
I'ickets for fastening ropes to should be of stout wood and have 
j-iither long points; they are beat put in by jumping a hole the 
size of the [>icket, and then driving the latter with a mallet. Two 
or more pickets may be used connected by cord as shewn in fig. 
05, tent pegs may be somired in 
this manner during storms ; or- 
dinary marine anchors are useful, 
but they are not portable, and 
hence are seldom at hand. To 
avoid accidents to men engaged 
p. gg in using tackle, particularly when 

the men are ignorant coolies or 
others unused to such work, while the tackle is strained the men 
should bo so placed as to be as safe as possible in case of accidenti 
this rule should be invariably observed, and not only when the 
load is very great, hb in lifting masts or straining river crossings— 
e.g., no one should be under a line being tightened, nor inside 
the angle formed by the line wires while the tie of an angle post 
or the post itself is being repaired. 
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Section II. — Tools and Mechanical Manipvlation, 

373. The angles of cutting tools vary between about 20° and 
120^, being varied principally according to the hardness of the 
substance to be cut. If the chip be too rigid to bend as the edge 
of the tool proceeds, the cleft will precede the tool, and the sub- 
stance will be torn or split ; in order that the substance may be 
cut the edge of the tool must be thin and sharp, and applied to 
remove only a thin shaving at a time, or it may be guarded as in 
the plane, in which the edge of the mouth and the top iron bend 
the shaving and prevent it being torn off. Felling axes, choppers, 
hatchets, bills, dhaws, and chipping chisels, have strong blades 
bevelled on both sides, they are required to be but moderately 
accurate ; but plane-irons, paring chisels, adzes, gouges, scissors 
and shears, and generally tools required to have accurate edges, 
are bevelled on one side only. The object of this in chisels, 
plane- irons, and adzes, is that the flat side of the blade may be 
used next the substance to be cut, and thus the angle between 
the blade and the material may be more acute and the shaving 
thinner, than if the tool were bevelled on both sides ; and in all 
single bevelled tools, the edge is much easier kept accurate by 
grinding, for one surfiEU^ being made accurate at first and never 
afterwards altered, it remains so; even if the tool be badly ground 
the edge can only be made inaccurate in one plane, and that the 
less important one. For example, the circular form of the gouge, 
the inner surfaces of shear blades, and the flatness of the chisel 
blade, are unimpaired in the plane of the incision by inaccurate 
grinding; but this would not be so if these tools were bevelled on 
both sides, in that case departure from the correct form could not 
ordinarily be avoided. In unskilful hands the best felling axe is 
a narrow bladed one with a slightly rounded rather thick edge ; 
to use the wide axe with a thinner edge requires more strength 
and skill, and if clumsily used its edge is soon either bent or 
broken. Axe blades should not be so hard as to break or chip. 
Bills and dhaws should be heavy, the blades should not weigh 
less than two pounds ; the centres of inertia and percussion should 
be much nearer to the end of the blade than to the handle, in 
order to gain the advantage of the centre of inertia being placed 
far from the axis round which the instrument is swung. The 
curve of the blade shoidd be continuous, this causes the edge to 
enter the wood gradually and makes the instrument cut easily; 
many bill-hooks are improperly made straight in the blade up to 
near the end, where they are hooked instead of being curved from 
the handle. The ordinary English bill is useless for jungle clear- 
ing — it is too light, too thin, and badly shaped. In ^en.Qc^^X^ 
best pattern axe or bill is that the msn «x^ ws^ \a — e«5^n '^^ 
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India tlie native pAtterns should he prefbrred for tlie astives ; but 
tip native made tools have very Uttlo steel in them, and they 
are soon worn out by sharpening — they ahonld be made to order 
under strict superriaion. For cutting high jungle grass the 
most econoniical tool is the sickle, an instnuiieiit with fine teeth, 
acting like a fine saw. TooU used for clearing forest or jungle 
&re frequently lost, for if laid dovn by the men tlipy are difficult 
to find ; they are easier found if the handles are painted a bright 
red. When a large number of men are required to cnt jungle 
many villagers can generally he engaged to bring their own tools, 
but these are aometunes bad, and a small supply of clearing tools 
is necessary in a!t caaea. In England and France nn eccentric 
cutter fixed on a long rod and worked by a line is used to cot 
small branches of trees touching line wires, such an instrument is 
only necessary in towns. A small bill-hook tirmly laslied to a 
rod sen'cs this purpose very well. Tools for wood are bevelled at 
angles usually between 30° and 45°, socordiug to the hardoeea of 
tlii.^ wood to be worked and the manner of working it; paring 
chisels and gouges are bevelled to about 30', plane^ironfl 35°. The 
bed in planes is the surfnco on whirh the irnn lies, the angle of 
this bed with the face in bench planes is 45° or common pitch 
for deal and other soft woods, and 50° or York pitch for hard or 
stringy woods ; for box and ivory the iron may be vertical or 
slightly forward, the angle being increased as a general rule with 
the hardness of the material. Most wood may be planed bett«r 
from one end than from the other; this &ct should not be ovei^ 
looked when shifting the wood or turning it over while planing 
it. A most useful chisel in telegraph work is the mortise chisel, 
it is thicker and .stronger in the blade than the paring chisel, and 
has an iron socket info which a wooden haft is fitted to deaden 
the blows of the mallet wsttd to drive it ; this chisel is useful for 
cutting mortises in making ladders and letting fittings into 
wooden poles, it 1ms a more obtuse bevel, and consequently a 
stronger edge than the paring chisel, but is liable to be chipped, 
being generally too hard ; it should therefore be lowered in temper 
as a rule. The chisel is commonly used with the bevel from the 
freshly cut surface. Cutting tools for turning wood have angles 
from 30° to 45°; tools for cutting iron from IJO° to 70°, for gnn- 
metal and brass 80° to 90°. 

374. Scissors akd shears for soft flexible materials have edges 
commonly 90°, seldom less than 60°; the blades should be curved 
and not straight; they may be loose when at right angles to each 
other, but should begin to cnt near the joint, they should not be 
loose when they are sufficiently closed to cut, and they should 
leave the cut edges exact. Shears for metal act somewhat differ- 
eatly from sciseors, tbey Iotcq ^.Ve -mB.^n^al asunder ; their 
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edges are more obtuse than those of scissors, and are seldom more 
acute than 80°; they commonly have straight blades. It is of 
primary impoi-tance that the edges of scissors and shears meet, 
as if they are separated the labour is enormously increased, the 
material is torn, it gets between the blades, becomes jammed, and 
with metal shears the bar or plate is tilted and the shears are 
strained, or perhaps broken. In working India-rubber or gutta- 
percha, bent scissors should be preferred; to cut India-rubber 
they should be used wet, but for gutta-percha they are only 
required to be wet when the material to be cut is soft. 

375. Cutting tools are sharpened on the grindstone to remove 
the greater part of the material, and tools for working the softer 
materials, and finishing tools for metals, are finished on the oil- 
stone; but cutting tools for iron are not usually finished on the 
oil-stone, because although the edge cuts better, it is not so 
durable. Tools for brass and gun-metal are always finished on 
the oil-stone, because otherwise they drag. Finishing tools are 
sometimes burnished. The grindstone should turn truly and 
should not be sufiered to wear eccentric, should it become so it 
must be made true; for grinding large flat suiiaces the stone 
should be of large radius, otherwise the surfaces will be ground 
sensibly concave. The oil-stone should bo worn equally to keep 
it flat, but if it wear unequally its surface must be levelled by 
rubbing it down on a stone or iron plate; the oil used should 
not be of a kind likely to deposit resinous matter on the stone. 
The grindstone may turn to or from the edge of the tool ; the 
former is preferred when practicable, as the latter causes the 
extreme edge of the tool to be wired — t. e., to curl up away from 
the stone. Tools are always held with the edge to be ground 
across the edge of the stone and parallel to its axis, because by 
this means the edge of the tool is ground concave to the radius 
of the stone, in which condition it is better shaped for finishing 
on the oil-stone, and for wood tools this slight concavity makes 
them cut better; but broad flat surfaces are moved quickly to 
and fro across the stone to prevent them being ground concave — 
a result readily produced if the tool be kept at rest on the stone. 
The tool should be held at the same height on the stone while 
being ground, if this be not attended to more than one facet 
will be produced ; for the same reason the tool must be held at 
the same inclination during the whole operation of grinding. 
The stone is sometimes turned from the operator for convenience 
when grinding tools of peculiar forms; this is the case frequently 
when grinding the sides or edges of rectilineal tools, and occa- 
sionally in grinding pointed tools. When the edge of a tool has 
to be finished on the oil-stone, the angle of the ftd%<b ^gcsr^T^V^ *^^ 
'nrindstone is less than in the finiBhed ^^^^ • ^^oiva ^%^^5:J^ \si. \sife*^«^ 
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have usually upright shallow obtuse teeth. Saws, as a rule, and 
metal saws invariably, should be lubricated with tallow or oil. 
A bar being sawn across should not be supported at two points, 
one on each side of the saw cut, as in this case pressure on the 
saw closes the cleft on the saw — the bar should be supported on 
one side only. Wood saws have the teeth bent alternately to 
one side and the other, this is termed the set of the saw; it 
widens the cleft and causes the saw to work freely. Saws are 
sharpened with a triangular file, and set either with a hammer 
or a tool with a slit in it to hold the saw tooth and bend it. 
Some wood saws have the edges of the teeth sharp, and present 
surfaces oblique to the flat surfaces of the saw blade. Saw 
blades are differently mounted, thus the rip saw has simply a 
handle, the tenon saw has a brass back to give stiffness, and 
there are different kinds of frame saws; metal saws have thin 
blades, and are stiffened by backs of brass like the tenon saw. 
Stone saws for such stones as marble have no teeth, sand and 
water drops into the cleft, and the stone is ground through. 
For cutting off cable guards flush, as in splicing, the metal saw 
should be used ; the file is generally used for cutting wire, but 
it might in many instances be superseded by the saw with 
advantage. 

379. Abrading tools are termed JUes when they are double cut 
-i.e., ihe farrows and ridges are i£ two sets crowing each other, 
when single cut they are termed JlocUs, and when the roughened 
surface is not produced by lines but by points, raapa; floats and 
rasps are almost exclusively used foi* woods and soft mateiials, 
but floats are used for cleaning metals for soldering. Ordinary 
files are : Lancashire of four degrees of fineness — viz., rough, 
bastard, smooth, and superfine; and Sheffield of four degrees — 
viz., rough, bastard, second cut, and smooth; rasps and floats are 
simply coarse or fine. In all these tools the fineness of each 
kind is not fixed but varies with the length, long tools of each 
kind being coarser than shorter ones of the same kind. Files 
are made of different cross sections, the commonest being termed 
triangular, half-round, and round; a kind having a T-shaped 
section is very acute on the edge, and is termed a knife file^ 
these files are 2 to 7 inches long, and may be used with advan- 
tage for cutting wires instead of the triangular file. Floats and 
rasps are most commonly flat or half-round in section; tools 
termed half-round are not semi-circular in section, they are 
usually a much flatter curve. Sometimes an edge of a file is 
left uncut to rest against a guide or to allow of the file being 
used conveniently under certain conditions, such an edge is 
termed a sc^fe edge. Files are never lubricated, if g;re8jBiQd -tV^ 
do not cut; a worn file which cuts \)Qydlj qoYOl^ QV)XAXD;»d^\)K^^^^ 
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■when lieated by n. few seconds use. A flat Boat is used for cltsan- 
ing wires to bB soldered. Saws iind files arc driven in rhyllauiwii 
strokes, they cut only when moving forward; daring tbia hiofo- 
nicnt in working motala considerable pressure is used: in all 
cases [iroRBure is exerted according to tbe hardness, brittlencea, 
or other mechanical qualities of tlie material operated npmt, aad 
in this part of the stroke the tool should be drivim steadily in r 
right line, not tilted or rocked, and the pressure should bo extm 
and sustained. In drawing the tool back no pressure itbuulil Ik 
exerted, as it wears down the teeth without causing it to out, 
but the tool should not be raised from the coutaot with tbe woA; 
the backward movcme<nt requiring less exertion is performed 
quicker than the fonrard one, 

380. The temper of axes, mortise chisels, and files may geai^ 
rnlly be taken down with adTnntage, as they arc otten so hanl 
as to be unnecessarily brittle; if the edge of aji axe or chisel be 
bent it may be readily repaired, but if chipped it b rendered 
useless. Both forged and rolled iron liave usually a bard skin; 
before applying expeusive tools (aa in screw cuttiug) to soch 
metal it is advisable to remove the hard external metal. 

381. In the axe, hammer, mnllet, and all tools required to act 
by percussion, the handle sliould bo light in order that the centre 
of jiercussion may be as near an possible to the centre of the 
head. It is tisually stated that the centre of percussion of the 
axe should be directly over and in the piano of the cutting edge, 
but as the blade ia symmetrical about this plane this condition is 
always fulfilled. Adzes, phaoras, and pickaxes have bent blades 
in order that the edge may move in the path described by the 
■centre of percussion. Hammers, picks, and phaoras should have 
■strong sockets 3 or 4 inches deep, and almost cylindrical, in order 
that if the handle be accidentally broken it may b© r«adil; 
replaced by the user; some axe handles are of so complex 
a shape that, if broken, they can only be replaced by highlj 
akilied workmen, 

382. The strain on a wire can only be correctly ascertained in 
practice by means of a s[)ring dynamometer similar to the spring 
balances used for weighing; this instrument should al-waya be 
used for measuring the strain on important spans, as river 
crossings, where it is desirable to load the wire ■with its full 
working load to obtain the minimum dip. In straining up ordi- 
nary spans the workmen trust to the eye alone to obtain the 
correct dip, and they have one or two rough geometrical methods 
of measuring witli the eye, but such methods are of little use; 
the more general use of the dynamometer would greatly reduce 
oocidents from breakage of the ■wire, and greatly improve the 

mediAiUCal coixditioii oi tV« \m«& \a «. mo^^ v^Y^n^ttA ^lartioular. 
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Dynamometers of the kind alluded to are cheap, light, and effi- 
cient — their general use would promote economy; the dynamo- 
meter may be permanently fixed to the running block, or & 
lighter instrument may be applied to the tackle fall and its 
indications multiplied by the multiplying power of the tackle. 
Another mode ojf measuring the tension on a wire is by taking 
its inclination at the insulator with a clinometer, and from 
this and the dip, calculating the tension approximately (Para- 
graphs 175 and 193). This mode is very tedious, inexact, and 
unsatisfactory, compared with direct measurement of the strain 
with a dynamometer ; the clinometer is the more expensive 
instrument, more difficult to use, and it is useless to uninstructed 
persons, who would find no difficulty in using a dynamometer. 
With the dynamometer and clinometer the dip may be readily 
measured (Paragraph 193); when the distance between the sup- 
ports and the dip can be measured, as on ordinary land lines 
over level ground, the tension can be calculated (Paragmph 437). 
Wire cannot be strained fiilly unless the tension be measured^ 
for if this be attempted the commonest result is, the wire being 
loaded beyond its proof load fails within a few weeks, generally 
during a strong breeze. The dip of an ordinary span may be 
measured directly with a tape or a light pole ; this is sometimes 
done to check the tension. To ascertain if a mast is truly 
vertical and generally to test vertical lines and surfaces, a plumb 
rule is used; this consists of a board fitted with a plummet, one 
edge of the board is cut parallel to a line marked on the board, 
this true edge being placed against the mast or other body, the 
plumb line coincides with the ruled line if the surface tested is 
verticaL A mast cannot bo proved vertical by a lino let fall 
from its top ; a long line is moved even by a very liglit breeze. 
In erecting iron masts in segments the upper surfaces of the seg- 
ments successively erected are tried over with a spirit level. 
The spirit level is of general use to test if surfaces be hoiizontal. 
For measuring the angles of slopes, as in earthwork and masonry^ 
an instrument on the same principle as the plumb rule is used; 
one surface or line on which being placed truly vertical or hori- 
zontal by means of a plumb line or spirit level, a second surface 
of the instrument gives the desired slope. For slight inclina- 
tions from the vertical the plumb rule is used, additional lines 
being ruled on it to give the slopes required. The slope of earth- 
work for telegraph structures is not usually measured by instru- 
ments, it being small in extent, and not required to be very 
accurskte in figure. For marking out and testing horizontal lines^ 
as in marking foundation pits and testing the bed joints in. 
masonry, the cord is used ; it is merely a stout string fixed V$^ 
pegs at its extremities. A ohalkfid stxi3\2\E'^QA»^V^T&3N^^i^!cv^$^^ 
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Hues on miiteriats, as logs, planks, slieet iron, &c. When a gmtil 
many precisely similar operations have to be performed, as in. II 
fitting brackete to poles, digging lioles, &e., & number of simple 
gauges abould be ninde of sheet metal, plank, wire, string, or 
other miiterial, and served out to each workman for his use; this 
plan is very economical, particularly when the vorkmen are not 
used to the particular work. For measuring the (dzes of irina • 
ptate iron or steel gauge is used, or better, a K&uge formed of 
two straight edges placed in contact at one end and separated h; 
8. small interval at the other; the wire is gauged by being slipped 
between the straight edges — its size is then read off. There aro 
Bevoral more accurate gauges formed of a system of levers; thrte 
are delicate, and applicable where great accuracy is required — 
they are not in common use. The ordinary plate gauge gauges 1 
^iicct metal as well as wire, and the thicknesses of metal plaM I 
ftrc distinguished by the same systems of numbers aa wix&. 1 
(.Irdinary measuring rules for use in hot climates are prohablj' S 
best made of metal ; iron and steel rust readily during the raiii7*'V 
reason, and should therefore be avoided — boxwood rules irarp. I 
383, For holding and bending wire, and twisting wires together " 
in making joints sevci'al ingcniuus tuoli, iu-f- in iisr. TIil' prin- 
cipal of these are — eye-bolU, for bending and generally mani- 
pulating thick wires ; joint levers, joint fiolders, and join/ hoolu, 
for making twisted joints and holding the wires while joining 
them ; eervint/ mallets, for serving with thin wire ; and claat, 
longs, and vices, for attaching straining tackle to wires. The 
best form of eye-bolt is that shewn in fig. 09. It is made of 
a piece of flat steel about a quarter of an inch or rather 
less in thickness, an inch to an inch and a half wide, 
and about a foot long ; the holes 1 3, and the slots 3 i, 
are used to hold and bend the wire— they have r*unded 
edges, and the diameter of each bole and width of each 
slot is suited to the diameter of the wire they are in- 
tended to hold. The eye-bolt figured, having four holes 
and four slots, is adapted to £>ur sizes of wire ; but 
these sizes should not be consecutive, aa a single slot 
and hole is sufiicient for several sizes if consecutive — 
the slots should be long enough to hold safely two wires 
at a time. An instrument for holding wires while 
making a joint, termed a Britannia joint holder, is in 
use in India, but not in general use in practice, as it is 
T* a very special tool and somewhat heavy; wires may be 
/ held by a slit of the eye-bolt or a small hand vice. 
19. Twisted joints are made by holding the crossed wires 
in a hand vice, in a clip fitted in a handle and tightened 
tiiumbscrew, or, il \.\im nD'^et ■«'■««& \i'^ a. ^lair «f 
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pliers, and twisting them by hand or with the eye-bolt ; or a special 
tool, termed a joint lever or twisting apparatus, is used. A very 
good joint may be made by holding the crossed wire in a hand 
vice, screw clip, or eye-bolt, and twisting the ends with the hand 
or eye-boH, the latter makes the closer joint. In twisting wires 
with the eye-bolt the Avire is passed through the hole or eye, 
and bent round, as shewn in section, fig. 70 : the bolt forms a 
lever to twist the wire; by bending the 
wire over the bolt at c? it is kept tight. 
In bending or twisting thick wires by 
hand, 1 to 2 feet of wire must be allowed 
at each end to hold by and srive a sufficient 
leverage. For serving with thin wire, ^ 
in making Britannia joints, a serving mal- 
let may be used with advantatre : the work 
can be done quicker, and the wire is laid 
on tighter and more evenly, than when 

served by the unassisted hand ; joints made with the mallet may 
be shorter, and they never fail, as hand-made joints occasionally 
do. The handle of the mallet should be about 6 inches long; the 
head should fit easily over the joint to be made; the end of the 
mallet handle has a hole in it. To use the mallet, one end of 
the thin wire is passed through the hole in the mallet handle, 
once or twice round the handle, and round the wires to be 
served (fig. 71). The thumb is placed over the hole to keep the 
wire tight if necessary, and the mallet is 
turned round in the usual way. A hook is 
used in England for turning the ends of the 
line wire in finishing Britannia joints, but it 
is not necessary, as the wire is held suffi- 
ciently well by the binding wire. For holding 
the wire while straining it several instru- 
ments are used ; the commonest is the deviCa 
elatos, and another instrument on the same 
principle, consisting of a piece of metal of a 
curved shape furnished with eccentrics, be- 
tween which the wire is held. Half a dozen 
turns of thin wire put on tightly with a 
mallet will hold a wire while being strained ; 
a rough loop for the tackle hook is made of 
a short piece of thick wire, which is then 
bound to the line wire. Hope stoppers are 
described and their advantages stated in 
Paragraph 370. They are generally used in 
India in preference to other contrivances ; they are best suited* 
to thick wires, and should always b© pxeiert^iat ^swwssA^^wi^^ 
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loads, aa in straininjj up very long spans. A kind of elip or vi» 
with a thumbscrew is used in France; this priitcipte whji trial 
in IniiifL for some time, bttt ia no loQzer in use. 

384. Screw-drivers, unless required to be very portable, ahmiU 
be large, a foot to 18 inches long; a screw-driver lilted in* 
braco is the least likely to injure screw-heads. For laming mil 
adjustable spanuera are best, but if a lai^ number be rMjuini 
for B. short time only, fixed stoel spanners are more econoBUMt 
A tool termed gas tmigt, commonly used for ga« pipes, is used ift 
England ; it is very uiidiil for holding bolts, and rumoving thutf' 
from wooden posts when rusted in ; a tool on the same principU il 
used for screwing in Bcrew-piles. Thejaws of vices and adjuatuUt 
spanners should not be screwed togetlior, as it injures the tnntk. 

385. For reaching the tops of posts, ladders tind conlrivamxfi 
to facilitate climbing are used; for extensive repojra and «»■ 
struction work ladders are used ; the other conlrivntioes UK' 
reserved for esceptional Cfl^es, to repair ucddontal damage aaJr, 
for reaching the tops of masts too high to admit of Inddera beiif'i 
used. L-idders should, sa a rule, be made or porchasod mhmt. 
reqiiirB<l rather than transported long distances, particululv 
if bamboo or other lii^lii Btroiis; wood is pmciiriil.lc cm the »\'.A\ 
if the world has to l.t.. rediiciTl in '^nh. stniiplit grniiiod li^ht 
wood should be chosen, and it should be split rather than sawn. 
The best shaped ladder is one much narrower at the top than 
the bottom, if the posts have brackets the sides of the ladder 
may be joined iit the top, so that the whole form a triangle ; it 
the ladder has to rest against the post a sufficient opening should 
be allowed for the top rung to rest against the post ; the object 
of having the ladder made wide at the bottom is to steady it and 
remove the necessity for a second man to hold it while in use; 
tjie ladder is not sensibly heavier than if its sides were parallel, 
it requires somewhat more skill to make, but if it can be made 
triangular it is much stiffer and stronger than a ladder almost 
or quite rectangular. The climbing iron is a steel or iron rod of 

tiie shape shewn in fig. 72 ; the waist of the foot is 
placed in B, and the branches A, C are furnished 
with straps to strop the instniment to the leg, the 
shorter arm A being placed on the inner side of the 
leg. One of these instruments being strapped to each 
leg the wearer is enabled to climb a wooden post 
by sticking the points into the post, these instru- 
ment cannot of course be used for climbing metal 
posts. In climbing smooth posts of either metal 
or wood, much assistance is afibrded by an endless 
band, which may be made of webbing or of stout 
Fig. 72. rope, canvas, it o^Jq^t w».\a,\A6 mA.terial; tMs is 
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long enough (double) to rather more than half encircle the 
post, the two feet are placed inside the band, which passes 
over the instep and under the waist of each foot ; in climbing 
the band passes tightly half round the post between the feet and 
gives a finn hold on the post, preventing the climber from slip- 
ping down. If the climber is required to use both hands he 
should have a band passed loosely round the waist and round 
the post, this he can lean against whilst working. In replacing 
wires on tall compound timber masts, it is a common practice to 
lower the topmast ; this being tedious and expensive, the top- 
mast should be climbed, but the climber should always have a 
band passed under his arms and round the mast, both to assist 
him, and as a precaution in case of slipping or giddiness ; wires 
may readily be placed on masts 100 feet high by these means, 
the man climbing perhaps 40 feet above the trees of the standing 
mast. A contrivance used in Paris for washing down the fronts 
of high houses is well suited for use where long ladders cannot 
be obtained, or where their transport is inadmissible; a rope is 
knotted every 1^ foot or 2 feet, and suspended from the top of 
the building, the workman has each foot in a loop strapped firmly 
to each leg up to the knee, each loop has a large hook of suitable 
shape for putting round the rope over one of the knots ; the man 
climbs the rope by shifting the hooks alternately to alternate 
knots, resting on one foot while he takes the pressure off the 
other. When working the hooks of the feet slings are both 
together on the same knot, and the workman sits on a board 
slung also by a hook placed over a higher knot; the man cannot 
fall, as he is always held by one leg, and he can move up and 
down the rope with greater facility than might be supposed. 
For painting high masts, and in general for telegraph work, when 
climbing has to be done only occasionally, this contrivance would 
prove very useful. A wire rope with projections would serve as 
a ladder for light masts, be cheaper, lighter, and less likely to be 
climbed by unauthorised persons than the ordinary fixed ladder. 
386. To apply paint and varnish, a soft clean brush should bo 
used, thin coats should be laid on, each coat being allowed to 
dry before covering it with another ; as there is a tendency for 
the liquid to accumulate on edges and in angles, it should be 
laid on thinner at these places. A coating of thin size is some- 
times used over porous wood to prevent absorption of the paint 
or varnish ; when the object is to preserve the wood, several 
coats of linseed oil should be used ; the application of size saves 
paint, but renders the painting much leas effective as a preserva- 
tive. French polishing is very simple, the polish is simply put 
on in thin ooats with a pad made of cotton wool^ nrc^^^^^ \s^^ 
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piece of soft linen or cotton cloth ; or several coal^ are pot a 
the Hiirfaco is theu smoothed with fine gloss puper, more polii 
is put on, then & mixture of polish and spirit, and ultimatelyJ 
spirit aloue, so that all the marks of the rag are removed a " 
tlic surface is left ()uite smooth; a very little linseed oil on I 
pad makes it work easier. Lacker is a varnish for metal, * 
generally brass, it may be applied cold, but if the metal be 
-warmed below 212° F. the stir&ce is more brilliant nod the 
lacker less likely to chip off. VamisheB sndpaint pnt oniii tliicfc 
layers are not so durable as when put on thinly, and it is nece»- 
sary to durability that each coat dry before another la applied- 
Vavnishes are generally purchased ready for use, the following 
receipts may however be useful. The simplest and beat French 
palish and lacker are aa follows: — French polish, 1^ lb. shellac, 
1 gallon spirit, dissolve without heat ; lacker for brass, ^ lb. best 
shellac, 1 gallon spirit, dissolve by continuous agitution for five 
or six hours without heat, let it settle, and pour off the clew 
liquid ; the colours used are turmeric, gamboge, and dragon^ 
blood. Turpentine vamish for indoor work, 4 lbs. resin, ] gallon 
oil of turpentine, with sufficient heat for solution. Crystal 
varnish for papt'r. 2 IIm. ran.stic or ilam.ir, 1 g.illon turpciitiin?, 
dissolve without heat ; or, Canada balsam thinned with turpentine. 
Sealing wax %'arnish, 21 lbs. good red sealing wax, 1 J lb. shellac, 
1 gallon spirit. 

Section III. — Soldering. 
387. When two pieces of metal are joined together, the 
solder appears to combine with the metals superficially to 
form a thin coating of alloy, the altered surfaces being held 
together by the solder so as to form one piece; it is hence 
essential to success in soldering— ^^rs/^y, that the metals le 
chemically clean and protected from oxii^tion by a flux while 
heated ; gteondly, that they be raised to a temperature sufficiently 
high for the combination with the solder to take place: fiilfil- 
ment of the first condition is essential to adhesion, of the second 
to strength of the adhesion. The flux employed may act merely 
as a varnish excluding the air while the metal is heated, or it 
may also act as a deoxidising agent acting on the metal to 
produce chemically clean surfaces; the operation of soldering ts 
rendered easier by employing fluxes of the second class rather 
than the first — e. g., if resin be used as a flux the surfaces must 
be perfectly clean, but if sulphate of zinc be used there does not 
exist siich strict necessity, therefore it is much easier to obtain 
good results with the latter flux than the former. Solders are 
iiwre iiisibje than the met&ls they are intended to unite, so that 
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with ordinary care there is no risk of melting the metal with the 
solder ; but the solder should approach as nearly as possible in me- 
chanical properties, as hardness, malleability, ^c, to the metal to 
be joined, and if regard be paid to appearance the colours of metal 
and solder should agree. If the metal and solder approach 
nearly in mechanical properties, the joint is almost equal in 
strength to the metal it unites, and may be hammered and bent 
almost as freely as if homogeneous ; but if the solder and metal 
joined differ widely in malleability, hardness, and other mechani- 
cal properties, the joint is readily opened by bending the metal 
or by striking it. Soldered joints in which the mechanical pro- 
perties of the solder and of the metal joined are very different, 
are therefore only applicable when the surrounding metal is 
so thin as to yield with the joint, when the work cannot be 
bent, or when the solder is employed for other purposes than 
strength bending wire or other appliance being applied to 
prevent relative motion of the pieces at the joint. Solders with 
the above exceptions are therefore usually made of the metals 
they are intended to join with a small proportion of more 
fusible metal to increase their fusibility. Examples are furnished 
by lead or pewter united by soft solder, and copper or brass 
united by spelter solder ; in these cases the joint is nearly as 
tough as the metal joined, and may be bent and hammered; but 
if iron or brass (excepting as thin sheets) be united by soft 
solder, it may be opened by a blow. The various kinds of wire 
joint with but few exceptions, as in the case of very thin wires, 
depend on the twisting or bending for their strength ; they are 
not really solder joints, the soldering merely makes the electrical 
connection, for if the binding or twisting be not sufficient to 
prevent movement independently of the solder, the solder will 
crack. The joints should be close, or the solder instead of being 
absorbed by capillary attraction when in the fluid state, will fall 
out; and the jneces joined should be kept motionless and pressed 
together while the solder solidifies. Most kinds of solder attack 
or gnaw more or less the metal joined, and sometimes, as in the 
copper wire for cables and delicate instruments, it is necessary 
to avoid this by using silver solder. To prevent this gnawing of 
the metal by solder in some measure, an unnecessarily high tem- 
perature and continued exposure to heat should be avoided. 
The manner of applying heat is varied according to the size of 
the objects, the fusibility, and general or local application of the 
solder. 

388. Soldering is termed hard or soft; the hard solders do 
not fuse at a temperature below red heat, and are applicable 
therefore only to metals and alloys which will resist «^x^V^ V^^si^ 
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temperature ; soft solders molt at a much lower t«mpenktiu 
unil nre npplieable to all metals, their composition being v 
Hard solders are finely divided for conTenlenca of application, 
tho3<^ geiierally used are soft apelter aolder for common bra&awork, 
1 part copper, 1 zinc ; hard spelter solder used for iron, 2 copper, 

1 zinc. Solder used for Btee!, 19 eilver, 3 copper, I sine; for 
Gne brasawork, 1 silver, 8 copper, 8 zinc ; oop|>er in abreds ia 
sometimes used for iron; hard tUoer solder, i silver, 1 coppery 1 
soft silver solder, 2 eiiver, 1 brass wire ; gold solder, 24 gold, S I 
ailver, 1 copper. Spelter solders are used for iron, brass, copper, § 
and gun -metal generally. The zinc in tliese solders acts aa » 1 
flax and burns when the solder melts, thereby indicating comr I 
pletion of the joint. Silver solders are nsed for fine work in 
iron, steel, silver, common gold, German silver, brass, copper, and 
generally when grcnter neatness is necessary than can be attained 
with spelter soldier ; being fusible compared with othet hard 
aoJders, and not eating away the metal joined, they are ufied for 
joining copper vires where it is Tery important the electric^' I 
conductivity should be altered aa little as poRsiblo, and it i>J 
undesirable to have an additional thickness at the joint; the indi-" 
vidual coppur wires in ciibk' coros are joined with this solder by 
scarfed joints. The soft solders generally used are the follow- 
ing : — Coarse tin solder, 1 part tm, from 3 to 3 parts lead ; 
ordinar>f OT common tin solder, I tin, 1 lead; and,^n0 tin solder, 

2 parts tin and 1 part lead. The last is commonly uaed for line 
wires, and is the best for the purpose ; the common and coarse 
solders are also used, but they have higher melting points, are 
weaker, and more readily oxidise ; the only advantage of their 
employment is the diflerenco in cost. For soldering pewter and 
lead it is advisable to use a gi-eater proportion of lead, to approxi- 
mate the mechanical projwrties of the solder to those of the 
metal to be joined; I part tin 35 parts lead melts at 558° F. ; 
but to render the alloy more fusible bismuth is added ; bismuth 
fuses at 398° F. (Pouillet) ; one author states it melts at 480° F., 
this is evidently a mistake. Fewterers' soft solder is composed 
of 2 parts bLsmuth, 4 lead, 3 tin ; pewterers' common solder, 1 
bismuth, 1 lead, 2 tin ; 4 lead, 4 tin, 8 bbmuth melts at 320° F.; 

3 lead, 5 tin, 8 bismuth at 202° F.; the addition of mercury 
causes the alloy to melt at a still lower temperature. The more 
fusible solders are useful for soldering gutta-percha covered 
wires, thin foils, and leaden tubes containing covered wires; 
they are of limited application. There is much disagreement 
between authors concerning the melting points of solders. The 
following melting points are given on the authority of Tom- 
linson : — 
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The tenacity of fine tin solder is about 7500 lbs. per square inch. 
389. The sources of heat generally used for hard soldering 
are — the naked fire, furnaces, muffle, and blowpipe; if the work 
be placed in contact with the fuel the presence of sulphur should 
be avoided, by using charcoal or coke rather than coal. Ordinarily 
the sources of heat employed for hard soldering are seldom used 
for sofb soldering, but the naked fire is sometimes used for large 
work. Articles to be sofb-soldered may be dipped into melted 
solder, or the solder may be poured over the joint in sufficient 
quantity to heat the metal to the temperature necessary to 
adhesion; this practice is however a bad one, for if the solder 
be kept melted it undergoes a change which destroys its useful 
properties, it becomes porous and brittle, and will no longer 
adhere. This practice has not the advantages sometimes claimed 
for it; Britannia joints dipped, soaked, and moved about in 
melted solder do not absorb the solder, as is generally supposed; 
on sawing open a number of joints made in this manner with 
every precaution, in no case had the solder penetrated the joint 
as was expected, and although this may occur in some cases, 
these are exceptional. The most useful source of heat is a piece 
of untinned iron, of a shape and weight suited to the work ; tin- 
plate workers in India use iron bolts for all work. A convenient 
form of heater is a piece of flat bar iron, the work is held on the 
hot iron until the solder runs. For soldering joints in line wires 
and for all thick work the iron soldering bolt is probably the 
most convenient source of heat; the shape of the heater should be 
such as to expose the minimum of radiating surface, and admit 
of the heat being concentrated on the joint; the best form for 
joining line wires is probably an ellipsoid with a groove into 
which the joint can be laid ; the groove should be slightly deeper 
in the centre than at the edges, in order that the solder may not 
run out when melted, it should be the length of the joint to be 
made, deep enough to receive the joint, parallel with the longer 
axis of the ellipsoid, and the handle should be fixed at right 
angles to the groove. A heater containing H to 2 lbs. of iron 
wiU solder No. 1 wire readily. The specific heat of iron being 
'1098 and that of copper only "09499 ^^ takes longer to \i<q«^ 
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and cool ; it should not bo used red hot, and should be wiped on 
removal ifrom the fire. The copper bit, a piece of tinned copper 
of suitable shape and weight fixed to a handle, is the best sooroe 
of heat for thin wires and sheets and small work; it is universallj 
used in Great Britain by tinplate workers. Being tinned melted 
solder will adhere to it, hence it may be used to pick up and 
apply the solder; the specific heat of copper being low it is 
readily heated, when the work is small this is a convenience and 
a source of economy in fuel, but for heavy work, as joints in 
thick wires, the copper bit is quite unsuitable. The iron bolt 
is cheaper and does not bum away; copper absorbs the solder, 
rapidly wastes, does not keep hot, and the tin is readily burnt 
off ; heavy work cannot be thoroughly heated by a copper bit, 
and there is great danger of a merely superficial and deceptive 
coating of solder being laid over the joint. Copper bolts should 
not weigh much more than half a pound, if greater heat be 
required than this will furnish the iron bolt should be {^referred. 
The blowpipe flame, a spirit lamp, or a torch made of three or 
fuur dozen thin rushes with a slight coating of tallow, are some- 
times used, but the iron and copper bolts ai*e employed more 
generally. For repairing line wires a small sheet copper vox 
with a handle is used in England, a groove in its upper surfitce 
receives the joint to be heated, the fuel employed is composed 
of coke or charcoal, mixed with a chloi*ate, nitrate, or other salt 
supplying oxygen readily; the fuel being ignited the box is used 
as an ordinary soldering bolt. This contrivance is very portable 
and exceedingly useful for repairs after interruption. 

390. Fluxes. — The flux most generally used is chloride of zinc 
in strong solution; it may be made by saturating a mixture of 
equal parts hydrochloric acid and water with metallic zinc, it is 
applicable to all metals, and gives the best results without that 
strict necessity for clean surfaces necessary when most other 
fluxes are used ; it is therefore easier to solder with than other 
fluxes, and as zinc is a metal difficult to solder well, this flux 
should be generally used for zinc. Chloride of zinc is generally 
used for soldering line wires, the only objection to its use is that 
it leaves a metallic salt on the work which may cause oxidation; 
joints made with this flux should be carefully washed with solu- 
tion of common soda, or if this be not procurable with water. 
Chloride of ammonium, termed sometimes muriate of ammonia, 
and in commerce sal ammoniac, is a flux next in utility to 
chloride of zinc; it is used mostly for iron cast and wrought, and 
also for copper and its alloys; it is often used with resin, and 
Bometimea with chloride of zinc, as bichloride of zinc and am- 
monium; it ia used alone for Eo\^^tvn% mL^^VixX. Ss^ *\fi&ic^»kT to 
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chloride of zinc for this purpose. Like chloride of zinc it assists 
in cleaning the surfaces to be joined. Kesin is a flux very 
commonly employed, it does not act on the metals as the fluxes 
mentioned above ; hence when this or any of the following fluxes 
are used the strictest necessity exists for clean surfaces; for this 
reason difficulty is often experienced in soldering untinned iron 
with this flux. It is generally used for tinned iron, and for 
making joints in cable cores and resistance-box connections, in 
{)reference to the salts of zinc and ammonium, the use of which 
might be highly injurious from the possibility of a small quantity 
of the salt being left on the joint to subsequently corrode it. 
Besin is used for tin alloys, and mixed with oil it is used for 
lead and tin pipes ; tallow is used for lead ; Venice turpentine 
and sweet oil are also used for fusible metals and alloys, as lead, 
pewter, <fec. 

391. Soft soldering, from the low temperature of fusion of the 
solders, is applicable to almost all metals : the operation is very 
simple ; the surfaces to be joined should be cleaned, lead and 
pewter are generally scraped, iron and copper are cleaned with 
emery paper or acid, or scraped with a knife to bright surfaces. 
Tinplate and thin metals usually have a little flux placed on 
them and the solder and heat applied at once, but thicker masses 
of untinned metal should be tinned by the application of a little 
flux and dipping in melted solder. The latter operation is par- 
ticularly necessary in the case of iron, as the solder does not 
always adhere well; it should always be applied to line wires 
before binding or twisting them together, and to binding wires 
if not tinned ; the tinning should extend over the whole surface 
denuded of zinc when making joints in galvanised wire, to pre- 
vent subsequent oxidation of the iron. Soft solder joints are 
merely pressed together with a little solder and allowed to cool 
at rest, the superfluous solder is pressed out, and the operation 
somewhat resembles gluing. To join line wires the joint is 
placed in the groove of the soldering bolt, covered with a little 
flux, and the solder being placed in the groove, it rises by capil- 
lary attraction and covers the joint ; the solder should not be 
placed on the joint. With thin wires and the copper bolt a little 
solder may be applied by the point of the bolt. In soldering a 
long joint or seam by moving the bolt, care should be taken to 
move it slowly ; by moving it too quickly a weak joint is made. 
Copper alloys dissolve in the solder and require care to prevent 
the edges of the metal being eaten away. Large objects may be 
heated and the solder and flux applied to them while hot — a diar- 
coal fire is the most convenient for this p\ur^^^. 

302. Bbazinq IB generally doii© ia «a o^tl te^ xo^^ >si 
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bellows; wben the blowpipe is used tbe wort is placed on char- 
coal or cinders, which may be held in a spoon, or, better still, in * 
piece (if pumice-stone hollowed for the purpose ; the blotrpipe ia 
coninioDlj used with a spirit lamp for small work. The flux 
gcner&llj used in hard soldering is borax, and it is better to fuse 
the borax before use, aa otherwise it is apt by cropjtating to 
remove the solder. The pieces to be joined should be fixed 
together as they are required to be joined, they are commonly 
tied with thin iron wire; the granulated solder mixed with 
j)awdered flux being spre^ad on the joint, the hekt is raised 
gradually to desiccate the flux, it should be uniform over the 
whole joint, and when the solder has run or Jliahed the work is 
removed fi^jm the fire. Iron being less liable to fuse than must 
other metals requires less cantion tn heating it ; but it is apt to 
scule, and ia often covei'ed with loam to protect it while being 
heated. 

Sectioit IY. — Swveging, Draiovit^, Ac 
393. Surveying in its extended sense includw lereDing, in a 

limited sense levelling is e.tcluded- The oliject of survevin^ in 
its Hiuitea si-liwe is to determine the relritive "[.oaitions i.f ohjrN:!.-, 
the shapes and areas of portions of the earth's surface, and to 
define on the ground and represent on paper lines and areas. 
The data obtained by surveying are considered relative to a 
liorizontal surface and represented on paper by a plan; gene- 
rally in engineering, and invariably in the cose of telegraph 
surveying, the earth's surface may be considered plane. The 
points chosen between which lines are drawn are termed Mtatiom, 
the lines joining these are tci'med station lines; the stations 
selected in the first instance whose relative positions are first 
determined are called principai stations, and the lines between 
them base lines or principal station lines. The principal statioos 
are those prominent points, permanent or temjiorary, which are 
first selected, and to which the positions of other points, termed 
secondaiy stations, are determined and represented, and ulti- 
mately details filled in. Levelling determines and defines tbe 
relative elevations of the ground and of buildings and other 
objects; the data obtained are represented on pajwr by a sectujn, 
and they are referred to i\ vertical plane. As relative results 
are required, a point has to be selected to the elevation of whici 
the other elevations to be determined may, at least in the first 
instance, be referred; such point is termed a datum point, sub- 
ordinate datum points are called 6encA jnarks. For purposes of 
verification a datum fixed point is chosen, this is usually a point 
cm a building chosen so tbB.\. i^ \a -^inoauent and readily reoog- 
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nised. Stout stakes are used as datum points and bench marks; 
they should be driven nearly to the head, and be placed in situa- 
tions where they are not liable to be disturbed. 

394. The measures of length employed in England in engi- 
neering are : the yard, the foot, and the inch — the inch is divided 
into eighths, twelfths, or decimals ; the fiithom of 2 yards, the 
chain of 66 feet, divided into 4 poles and 100 links; the statute 
mile of 1760 yards, divided into 8 furlongs; the nautical mile -this 
is equal to one minute of latitude, and therefore varies in different 
latitudes, the value commonly assumed is one minute of longitude 
at the equator, about 6086 feet; this is also termed a knot, it 
is the unit used in cable work, and is sometimes divided into 10 
cables, each subdivided into 100 fathoms, the fiithom being about 
^j^ longer than the common fathom. The French unit of 
length is the m^tre, which is approximately one ten-millionth 
part of the distance between one of the poles and the equator 
of the earth, it is 32808693 feet or 3937043 inches British 
measure; the m^tre is divided and multiplied decimally, 1000 
mitres = 1 kilomtoe = 0*621383 of a statute mile. The British 
measures of AREA employed in engineering surveying are : the 
square foot of 144 square inches, the square yard of 9 square 
feet, the acre of 10 square chains, and the square mile; tele- 
graph engineers have seldom to deal with areas, when they do 
the areas are small in extent. The measures of volume are : the 
cubic inch, the cubic foot of 1728 cubic inches, and the cubic 
yard of 27 cubic feet. The French measures of area are the 
square mitre = 10'7641 square feet, and the square millimetres 
'00155003 square inch; the measure of capacity is the cubic 
metre = 35*3156 cubic feet. 

395. In surveying a route for a telegraph line, whether it be a 
mere preliminary survey or actual setting out of the work, the 
engineer has occasion to use instruments for taking levels and 
making angular measurements ; lines are sometimes marked out 
by the eye alone, rough geometrical method being employed to 
measure and subdivide angles ; but as a general rule the use of 
instruments is either absolutely necessary to furnish the informa- 
tion required, as in measuring rivers, or highly conducive to 
economy by saving the time of the surveyor, rendering the work 
more accurate and the route shorter. Telegraph lines are gene- 
i*al)y erected along roads, railways, and other principal lines of 
communication, and the position of the structure is for the most 
part so far fixed that the requisite survey is of a simple kind ; 
but surveys for unbridged river crossings, lines over hilly country, 
and over tracts untraversed by roads, &a, demand the employ- 
ment of reliable instruments and methods, and genetolVs ^VkKt^ 
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accuracy is uecessarj exact and complete inBtruments ii 
satbfactory m use, save time, aud lesaeii exposure of tU© tneii _ 
A small theodolite is best adapted to these purpoeos ; it mny be 
used AS a. level for taking differences of level of river Wnka; Ion; 
sti-night lines are ranged bj fiifit looking in one direction, theu 
reversing the telescope and looking in the opposite direction. 
With a C-inch theodolite a line may be ranged with an error not 
exceeding 3 inches per mile. For the details of a line as for 
dividing the angles, and marking the anchor bole<( for augle posta 
and masts, an ordinary magnetic comj)a88 with sights on a 
with a plummet liiing from a point immediately under t 
of the needle, is a most convenient instrument ; or a pr 
compnsH similarly fitted may he used, and is generally prefer 
The plummet being brouglit immediately over the peg marking 
the position for a post, horizontal angles may be very readily 
measured ; when a rough approximation only is required thv 
compass may be held iu the hand. The compass can be read to 
a qunrter of a degree, and the limit of error is witt" -~-~— 
degree for most of the measurements required in tel^i 
as the i-elative and not the absolute magnetic azimutliB a 
arc usually measurcil. TIk- box soxtniit in not so well suited for 
general use in marking land lines as the prismatic compass, but 
it has many advantages under particular circumstances ; it can 
be used for oblique and vertical angles, and with an artificial 
horizon for taking altitudes, it may be used in a boat while 
surveying rivers, it is mucb more accurate than the compass, 
and may be read by the vernier to one minute, and by estimation 
to half a minute. The telescope is an advantage in telegraph 
■work, the lines mnged being usually long, but the box sextant is 
not usually used for lines longer than a mile. For ascertaining 
roughly dilTeronces of level between contiguous posts and over 
short distances generally, the best instrument 
is the level, fig. 73; it consists of a piece of glass 
in a metal frame of the shape figured, half 
the glass A is silvered, the other half B is 
unsilvered, a hair or wire is stretched between 
C and D. In use the instrument is held by 
the ring E, it then bangs vertically ; it is 
held some distance from the face of the 
observer, who brings the image of his eye 
on the hair on the mirror, and at the same 
time reads ofi^ on the levelling staff through 
Fig. 73, tbe plain glass with the same eye the point 

wliere the hair crosses the staff. To measure 
the differences of levels of posts a tape may be held against the 
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post, a temporary staff may be made, or a man may raise or 
lower a stick until he marks on the post the point where the 
hair crosses the post. The water level, consisting essentially of a 
tube bent twice at right angles, and containing fluid, usually 
coloured, may be used if greater accuracy be desired ; the line of 
sight in this instrument is furnished by the surfaces of the fluid 
in the two legs, which are of glass, these surfaces being neces- 
sarily in the same honzontal plane. The theodolite may be used 
for levelling; it may either have its line of collimation set hori- 
zontal or at a known angle. Altitudes may be measured on land 
by the sextant, by using it to take angles of depression and 
elevation. The most accurate levelling instrument is the tele- 
scopic level, termed the spirit level, or level proper ; it is not 
necessary to use this instrument, as the lines to be levelled are 
usually short, and the strictest accuracy is not necessary. The 
ordinary chain is usually replaced by a tape, which is much 
more portable ; 66 feet is a convenient length, being ^ of a 
mile. The chain is used by some, either the chain proper of 66 
feet or one of 100 feet; it should measure the nominal length 
including the handles. A stout string or a wire, measured ofl" by 
means of the tape and checked from time to time, is commonly 
employed in marking out lines ; this should be an aliquot part of 
the standard distance from post to post, and should be marked 
at the half and quarter of its length. When measuring with the 
chain or string, the man in advance, termed the leader, walks 
in the line chosen, being directed either by a flag or mark in 
advance, or by the man following, termed i^efoUower; at start- 
ing the leader is furnished with as many iron skewers or arrows 
as the measuring line is contained in the standard distance, and 
he sticks one of these in the ground to measure from; having 
walked from this point the length of the line, he faces the 
follower, the two men stretch the line, the follower by motions 
with his hand or by his voice directs the leader into the align- 
ment, and makes a sign or says '' mark," on which the leader 
sticks an arrow in the ground and proceeds, the follower takes 
up the first arrow and follows ; when the arrows in the hands of 
the leader are exhausted, the distance between the point marked 
by the first arrow and that marked by the last is the standard 
distance between two posts ; these points are marked by flags or 
pegs, the follower gives all the arrows but one to the leader, 
and they proceed as before. The number of arrows in the 
hand of the follower indicates the number of times the cord 
has been applied at Any time, reckoning from the last 
peg or flag; generally in measuring with a chain, arrows are 
used in the manner described above ^ in me8A>acdii% Vsi^^^^^^^^ 
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10 ftiTOiva are used, and the surveyor enters every Icngtli of ]0 
chikina aa measured. If the chain be used it ia aecessary to verify 
it, Htrai)iht«ii any links accidentally bent, and keep tbe links fre« 
from earth. An opera glaan or telescope is net'easaty ia order to 
distinguish &b^ or pegs at considemble distaaces, and examine 
and Dkugo long lines; a single glass ot telescope sliould be pre- 
ferred to the binocular. The flsj^s usually h»ve sticks Kbmit XO 
feet lung shod with iron at one end, and having a small piece of 
thin coloured cloth at the other; to reduce the veight G feet pole* 
are often used, and as many are required in setting oat tel^raph 
work, any cheap light rods readily procumble may be used in- 
stead of the iron-shod well-mnde sticks commoDly used in engi- 
neering surveying. The colour seen at tbe greatest distanfe ia 
white, red is oasiost to distinguish from foliage imd grasa, but 
ou railways the colours used for railway signals should bo 
avoided; in opon country, rods of light wood either white, or 
]mintwl in alternate stripes white and black, serve instead of fiaex. 
White rather thick hollovr bamboos form excellent marking mas, 
n small crowbar or khuutie may be used to muke the liolea and 
lis them in the ground. For ranging long lines, or when a hi'jli 
object has to bo'"s<'en over, h'ug i)i.l(.s in-\y W us.."l, i>l;icea VL^ni- 
cal by a plumb line and kept so by stays ; when accuracy is 
desired these are used for marking long station lines. For mark- 
ing on the ground, pegs driven nearly to the head are used ; cleft 
sticks with pieces of white paper in the clefts, technically termed 
tirhiles, are useful to render pegs visible at a distance. HorizouUl 
distance on a slight incline is measured with sufficient accuracy 
by being measured in steps ; the measuring line is held to the 
ground at one end, the other end is raised until the cord is 
horizontal, a plumb line or stone let fall from the raised end 
marks a spot to which the ground end of tbe line must be trans- 
ferred in continuing the measurement lower down the inclioe. 
When the incline is steep it may be measured in half or quarter 
chains at a time. Inclines may be measured by the clinometer, 
reference to a table will give the rise or fall, and the number of 
link.'i and parts which must be subtracted from each chain to 
obtain the horizontal distance, the corrections can thus be made 
while measuring ; a table of these corrections is usually engraved 
on clinometers and theodolites. In marking out, the pegs should 
be so placed as not to be disturbed during the progress of the 
work, in order to prevent or render evident departure from the 
original design. For measuring short distances a light rod may 
bo used ; this may be made on the ground, or one of the flag 
staves may be graduated. For sounding shallow rivers or pools 
a rod weighted at the lovfet end ia the best instrument; when 
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too deep for this a chain is used for depths less than 100 feet, and 
a lead line for greater depths. The last consists of a piece of 
hard strong cord knotted at every fathom, having at one end a 
conical piece of lead, the lower part of which is hollow and con- 
tains tallow or other hard grease. The length of cord run out 
gives the depth, and the matter adherent to the greased surface 
shews the nature of the bottom. The permanent and temporary- 
adjustments of the several optical instruments used in surveying 
are best learned by practice, aided by reference to books on the 
subject. 

396. If ABC be a right-angled 
triangle the trigonometrical func- 
tions of the angle BAG (referred to 
as angle A for brevity) are defined 

J, ,, BC . . . AB . 

as follows : -jr-p^ is sine A : -tfj is 
AC AU 

cosine A ; ^^ is tangent A ; ^^^ 

AC-AB 




Pig. 74. 



is cotangent A; 



is versed sine A ; and 



AC-BC 



, — is 



CO versed sine A. The functions of an obtuse angle, CA6 = 180** - 
A, are defined as follows : — The line BA being produced in the 
direction Ah, AB and Ah lying in opposite directions from A 
have opposite signs ; applying the lines 6c, Ac, and Ah as the 
lines BC, AC, and AB are applied in the above definitions for 
the functions of the acute angle A, but using the opposite sign 
for the line Ah, the corresponding functions of the obtuse angle 
are obtained. In other words, the functions of the obtuse angle 
cAB are those of the acute angle cA6— t. c, of the angle BAC with 
the sign of AB changed, therefore the functions of an obtuse 
angle = 180° -A, with the exception of the versed sine, are 
numerically equal to the functions of A, but their signs are not 
necessarily the same. The relations between the corresponding 
functions of an obtuse angle and its supplement are as follows : — 

sin(180«-A) = sinA; 
cos (180** - A) = - cos A ; 
versin (180° - A) = 1 + cos A = 2 - versin A ; 
coversin (180° — A) = coversin A ; 
tan(180°-A)= -tan A; 
cotan (180° - A) = - cotan A ; 

sec(180*»-Ai= -sec A; 
cosec (180* - A) = cosec A. 

In short the sine and cosecant of an obtuse angle have the same 
sign as, and the cosine, tangent^ cotangent, and aecasLt^ iXs^ 
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i)]iposite sign to, the corresponding fiinction of ita siipiilemciitAiT 
iicutfi angle. Thn elementary relations between the diflercut 
fiiiictioiiH of one angle are us follows : — 
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The elementary reliitions between the functions of an angle A 
HHtl the anglea 2A and -^ are as follows : — 



cotan ^ + tau -^ 
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a 2A 1 - cos 2A 
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Tlie sum of the angles of a plane triangle is 180** — i. e.y equal to 
two right angles. The sides of a plane triangle are propor- 
tional to the sines of the angles opposite to them respectively. 
The square on the hypothenuse of a right-angled triangle is 
equal to the sum of the squares on the other two sides. In sur- 
veying, triangles having any angle less than 30*', or more than 150**, 
are termed Ul<onditi(yiiedt and are avoided. The measurements 
of triangles may be checked by the following methods: — By 
measuring the three angles, their sum should be 180°; a tie line 
being drawn from one of the angles to a known point on the 
opposite side, test its agreement with the lengths of the sides, 
either by measurement on the plan or by calciilation; when 
several triangles form together a polygon, the internal angles of 
this figure should equal twice as many right angles, minus four, 
as the figure has sides; in a network of triangles, lines which are 
common to two triangles may be calculated from two independent 
sets of data — the values so obtained should agree. If there be any 
unavoidable error in the angles (after allowing for spherical excess 
if necessary) it should be divided equally amongst the three 
angles. In the absence of an instrument for setting out right 
angles, lines may be marked at right angles to each other by 
setting out a triangle, having its sides so proportioned to each 
other that the triangle shall be right-angled; the simplest pro- 
portion is 3:4:5, the first and second terms representing the 
ratio between the sides containing the right angla 

397. Two methods are used in surveying with the chain — one 
is that by distances and offsets; this method is that employed 
as a rule for filling in details of surveys. It consists in measur- 
ing distances in a straight line, and measuring from this line the 
perpendicular distances of objects on each side of the line, these 
perpendicular measurements are termed offsets; in exceptional 
cases oblique offsets are used, being set out by angular measuring 
instruments. The lengths of the offsets, their distances apart 
measured on the station line, and the side, right or left, of that line 
on which they are drawn, being known, they may be represented 
on paper, and the relative positions of the objects to which the 
offsets are drawn are thus determined. Short offsets are com- 
monly laid by the eye, and may be measured with an offset-staff, 
a light wooden pole ten links long, divided into links or feet ; 
longer offsets are correctly set at right angles to the station line 
with the optical square, cross staff, a box sextant set to 90°, or 
other means, are measured by the chain, and are seldom made 
more than one chain in length when accuracy 18^ desired. A plan 
of a telegraph line along a road, railway, or other line of com- 
munication may be taken by this method with sufficient «aiq?»xws^ 
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for practical purposes by entering the distance of each post from 
the road, railway, or canal, the diatanci^s between the postK, ajid 
the side of the road on which the line is situated, the maguitude 
of its angles, &C. ; the offaefa in this case need not be measured, 
they may be guessed in most cases with sufficient accuracy foe 
use. The particulars of a survey by distances and oflsets are 
entered in a Field-boot in the following manner: — A line or 
column in the centre of the page represents the station line, 
distanccij measui'ed on the station line are marked on this line, 
the lengths of offsets and objects to which they are drawn are 
entered on tlie proper side of the station line, small sketches are 
introduced to give full particulars, and a preliminary sketch Li 
entered tu shew the relative positions of the stations and the aigna 
by which they are distinguished. In order that forward, back- 
ward, right and left, in the field-book may represent these direc- 
tions on the ground, the pages aro numbered from right to left, 
and written from bottom to top. The field book for a rough 
survey of a telegraph line has a oentral column representing the 
road, track, railway, or canal, and a column on each side to repre- 
sent the line; the lenf^tha of offsets are put on the proper side of 
the road column, and in tho ro.id column is jint tht.- distanci^ 
between the telegraph posts ; at angles the sign .i::! or :;^ is 
written, shewing if the angle opens to or from the road, and the 
magnitude of the angle is stated, di&rences of level, height of 
road embankment, villages, obstructions, tall posts, trees, jungle, 
swamp, Ac, are shewn by being written in words, numerical par- 
ticulars as to distance from the lino, 4;c.,are entered approximately 
by guess ; but at rivers, and wherever necessary, mejtsurements 
may be made with any desired degree of care. By these means 
a sketch of the line may be prepared of great use in preparing 
estimates for repairs, exhibiting the position of the line relative 
to the road and othis" important objects, while for general purposes 
no greater expense need be incurred than the nature of the case 
demands; approximation is substituted for measurements, except- 
ing in the case of the actual dimensions of the telegraph structure, 
or where the circumstances of the case demand a greater degree 
of accuracy than this method affords. The second method by 
which a chained survey may be conducted is by triangles, or by 
TRiAKGLES AND DISTANCES AND OFFSETS Conjointly ; it is evident if 
a number of points be connected by lines forming a network of 
triangles, and these lines be measured, the relative positions of 
the points are determined, and may be represented on paper; for 
if the respective lengths of three sides of a triangle be deter- 
mined, the angles may be calculated or correctly represented on 
paper. In Burveyicg with the chain, when obstacles are met 
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with which cannot be chained over, a line passing throngh them 
can only be measured by chaining round them, or by laying down 
one or more triangles so connected as to afford data for calcu- 
lating the requii'ed distance through the obstacle. The measuring 
of the sides of triangles is slow, and lines on the ground cannot 
be so accurately measured as angles, hence surveying with the 
chain is usually confined to details. Surveting by angular 
MEASUREMENTS is Carried out by the method of triangles ; but as 
angles are measured as well as lines, few lines are measured, the 
lengths 6f the others being calculated. The commonest case is that 
in which one side and two angles of a triangle are measured, and 
the other two sides and one angle are either calculated or plotted 
from this data without calculation. This mode of surveying is 
more accurate than chain surveying, better adapted to large areas 
and long lines, is more expeditious, particularly in measuring 
across obstacles, as rivers, &c., and it is therefore used for the 
long lines and principal measurements in extensive surveys, the 
details being filled in by means of the chain, as already stated. 
The PLANE-TABLE is very useful for the limited surveys required 
in telegraph construction, such as in surveys of river banks, for 
cable huts and masts. This instrument consists of a drawing 
board fitted on a stand and furnished with a spirit level, a clamp 
and tangent screw, and a ruler with sights, termed the index. 
The plane-table is used to survey by angular measurements : a 
sheet of drawing paper is strained on the. board, the board is 
placed horizontal, and the angles are marked in the field directly 
on the paper by means of the index. 

398. The operation of levelling is exceedingly simple, and 
consists in making two or more observations (technically termed 
sights) with the levelling instrument at the same place or station ; 
the levelling staff is placed upon a point, the level of which 
has been ascertained, or which is a datum point, and then upon 
another point the level of which it is desired to ascertain, the 
different readings shew the levels of the two points relative 
to each other, and to the datum point. When two sights only 
are taken from each station — viz., one with the staff on a point 
the level of which is known, and one on a point the level of 
which has to be ascertained, the former is termed the bctck-sight 
and the latter the fore-sight; when more than two sights are 
made from the same station the first is termed the principal 
back-sight, the last the principal fore^ht, and each successive 
sight is a fore-sight to that which was taken before, and becomes 
a back-sight to that taken after it, a back-sight being an observa- 
tion of the staff on a point the level of which is known, a fore-sight 
being an observation of the staff on a point the Wi^V ^1 Vk^^. 
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has to be ascertainod by comparison with the last hack-sight, ttf fl 
levelling it is necessary to make a correction for the curvature of 1 
the earth nud refraction when sights are taken over long distasce*, 
but the error may be neglected for sights over distances up to 
about 200 yai-de. The levelling required for telegraph purposes 
Beldom need exceed this ; and when thia distance is exceeded, as in 
levelling between hills or across vivew, tfie strictest attabiahl* 
accuracy ia not usually required; the correction when neoesaary 
niay be assumed to be on an avenge — 

■56 (distance in miles)' ; 
tills fi-actlon to be subtracted from the reading. Observations to J 
ascertain the heights of detiiched points are termed fiying lemdi, 
Buch heights are written on the plan. Levelling by measuring 
angles of elevation and depression is uaed for taking flying 
levels, hut is not sufficiently accurate for an extensive series of 
connected observations in which a high degree of accuracy ia 
essential. A single line of soundings does not give sufficient 
information, two or more tines or a series of trial soundings axo I 
necessary; the lutter are usually sufficient, but the former are 
desirable as admitting of the contour lines of the bottom being 
put in the plan. For engineering purposes the measurements 
should be taken in feet and tenths or inches, the depth of water 
on the plan may be marked in fathoms, but on the section feet 
and tenths or inches should be used exclusively. The direction 
of the current may be found by dropping a light body into the 
water from a boat, and taking tlie angle between the direction in 
which the body moves and a line ranged on shore. The velocity 
of tlie current is readily measured by observing the time taken 
by ft floating body to traverse the distance between two stations 
A known distance apart; light sticks, weighted at one end, so as 
to float upi'ight, are usually used as objects. As this method is 
a rough one, several trials should be made and the mean taken. 
Surveys for sea cables are made by nautical surveyors from 
ships desjiatched for the purpose ; the positions of the ship wheu 
the soundings are taken are itscertaincd by tlie means usually 
employed for purposes of navigation. Levels and soundings 
are checked by going over them again, either partially or 
completely, 

399. For ordinary purposes the only drawing instruments re- 
ijuired are a good pair of compasses, spring bows for small circles 
ami measurements, a scale preferably of metal, a graduated flat 
ruler for long lines, and a small divided set square for drawing 
and measuring oHsets. The scale most useful is the sector ; a 
6-inch rectangular protractor having engraved on it scales of 



DRAWING INSTRUMENTS — PLANS — SECTIONS. 317 

inches and a scale of chords may be used — it is inferior in 
accuracy and usefulness to the sector, but for setting out angles 
it saves time. When much drawing has to be done, set squares, 
the T square, the parallel ruler, &c., save time, but they are 
neither portable nor essential ; when great accuracy is desired in 
plotting surveys and in executing large drawings, beam com- 
passes and the large accurately-divided circular or semi-circular 
protractor are necessary. Proportional compasses are used for 
copying on a reduced or enlarged scale. Straight lines are ruled 
with the bow or ruling-pen, measurements are pricked off with a 
pricker, consisting of a needle fixed in a handle. Where great 
accuracy is required it is better to draw in ink at once, but 
mechanical drawings are usually drawn in pencil first, and the 
pencil lines inked afbei*wards. The paper to receive mechanical 
and architectural drawings is generally damped, pasted on a 
drawing board, and allowed to dry for use; it shrinks in drying 
and forms a smooth surface to draw upon, but as when cut from 
the board it shrinks, this treatment is not suited to paper in- 
tended to receive surveyors* plans and sections. If a high degree 
of accuracy is necessary, paper to be mounted on cloth should be 
mounted before being drawn upon. Descriptions of and direc- 
tions for using drawing instruments and scales may be obtained 
from any of the numerous works on the subject, as Mr. Heather's 
Mathematical Instruments in Weale's Series, Mr Burchett's Prac- 
tical Geometry, &c. Before commencing to represent the parti- 
culars of a survey on paper, a scale should be drawn in order 
that it may shrink or expand with the paper; on sectional draw- 
ings the horizontal and vertical scales should be drawn at right 
angles to each other, in order that if the paper shrink unequally 
in its two dimensions the scales may shrink proportionately. 

400. For plans the smallest scale which admits of roads and 
buildings being represented distinctly, is 6 inches to a mile, or 
UTTinr^ ^^^ nearest decimal scale to this is iq^^q , or 6*336 inches 
to a mile. For representing telegraph lines on common roads 
and railroads the scale should not be less than 8 inches to a mile; 
^ an inch to the standard distance between contiguous posts is a 
good scale for such plans. For plans of river crossings and over- 
head town lines a scale of 100 feet to an inch, or y^^, is suit- 
able ; but for intricate towns, and underground wires, a larger 
scale is necessary. The scale of ordnance plans of the most 
intricately built towns is 44 feet to an inch, or yj^. For sec- 
tions two scales are almost invariably employed — viz., the scale 
for horizontal distances^ which should as a rule agree with that of 
the plan, and the scale for heights, or vertical scale. As differences 
of elevation are as a rule much smaller than the horizoiLtAL 
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measure merits, the scale of heigUta ia nsiially great*! thaa the 
horizontiil scale in a proportion termed its exaggeration; this pro- 
portion varies from 6 or 7 to 16 or 18. For moat telegraph 
sections a, scale of 30 feet to an inch, or -j^, 'm suitable; with 
tliis and it horitontal scale of y^'^nii ^'"^ exag^mtion is 10. 

401. In geometrical drawing both lines and angles are more 
correctly drawn when of large size, and in applying tlie rules of 
practical geometry the diagrams should be aa large as practioaUe 
— e.g., in .letting out a required angle, the scale of chords on the 
ordinary scales being smaU, if gr«at accuracy be deMred, lOBtead 
of using one of these, as large a radius should be taken as the paper 
will allow, and this radius multiplied by twice the sine of half 
the required angle will be the chord required ; the sine may be 
obtained from a table of sines. Similarly in drawing a peri>eii- 
■liciilar to a given line and other problems, if the TSiiix or other 
lines used in the constructions be taken as long aa pmcticable, 
greater accuracy may nsnally bo attained than if rules, scales, and 
sot 3<]usi-f 3 be used ; but to economise labour these several ap- 
pliances are used, eseepting when great nocura^y is necessary. 
Lines nro more accurately Bet out by beam compasses than by 
orflinary compasses. Under ordinary cii"cum stances lines may 
be drawn with greater accuracy than angles, hence in plotting 
triangles, when great accuracy is required, the lengths of the sides 
are calculated and the triangle drawn with three given sides, thus 
avoiding the necessity for drawing the angles directly. Chained 
triangles are drawn by measuring off the three sides. The prin- 
cipal triHDgles in trigonometrical surveying, when great accuracy 
' is desired, are usually drawn by calculating the sides; this plan 
is pursued in drawing great triangles, it is seldom necessary for 
telegraph surveys ; when less accuracy is necessary the known 
side or sides are measured, and the angles are protracted — i.e., 
di-awn by means of a protractor; when great accuracy is neces- 
sary the circular protractor with a glass centre is used, but the 
rectangular protractor or a scale of chords is sufficiently accurate 
for must telegraph surveys. Distances and ofl'sets are plotted by 
placing a scale on the paper parallel with the station line, its 
divided edge marking distances on this line ; and sliding along 
this, a short scale also divided, and with broad ends accurately 
at right angles to its divided edge, or a similarly divided set 
square ; distances on the station line are measured off on the first, 
and offsets are drawn and measured off by the short scale or set 
square. Oblique offsets are protracted. On plans, trees, jungle 
hedges, swamps, nature of soil, material of river bottoms, anchor- 
iiges, Ac, are represented by conventional figures or written in 
words ; buildings are either coloured or darkened by diagonal 
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lines, water is represented by light-blue with dark-bine edges ; 
railways are represented by a thick black line or by two parallel 
lines ; telegraph lines are represented by lines often coloured 
with conventional marks at intervals to represent posts, the 
number of wires may be written on the plan, or when few repre- 
sented by parallel lines ; masts at rivers, cable huts, &c, are 
represented by little figures somewhat resembling the objects, 
detached levels are written on the plan, and contour lines may 
be represented by dotted or continuous lines, or inclined ground 
may be shaded, the depth of shade varying with the tangent of 
the angle of inclination ; hills may be represented by hatching 
at right angles to the contour lines. Plans of rivers have the 
depth marked; this is sometimes marked in dots, single dots 
signifying one fathom, pairs of dots two fathoms, &c. High and 
low water marks may be marked by lines, currents are marked 
in direction by arrows, and their velocity marked by figures 
placed against the earows. Plans of tropical rivers, which during 
the rainy season are greatly swollen, should have highest flood 
level and maximum velocity of current shewn, and the highest 
and lowest levels of the water during the year; the highest known 
flood level should also be shewn. lines representing water 
levels are really contour lines; irregularities of the bottom 
should be shewn by contour lines. On plans should be marked 
lines in which levels and soundings have been taken, bench 
marks, <kc., so as to identify these on the section. On a sec- 
tion is drawn a horizontal line representing the datum level, 
on this is marked the positions of bench marks and other 
objects the levels of which have been taken; the distances 
between these objects should correspond exactly with the dis- 
tances between them on the plan, and a scale should be marked 
on the horizontal line. In representing lines of soundings, the 
points where the soundings were taken should be marked, and 
the water level at the line may be shewn by a blue line ; by shew- 
ing the positions of the points sounded, the reliability of the 
injformation given is shewn; in no case should a line representing 
the bottom of a river be drawn without thus shewing fully the 
data on which the section has been obtained. When an embank- 
ment or cutting is to be made near the river, as for erecting an 
office or a junction-house for the end of the cable, or erecting 
masts with deep foundations, the depth of the proposed trench or 
height of embankment should be represented. 

402. In architectural and mechanical drawing perspective pro- 
jection is seldom employed — ^it is then employed simply to shew 
how the object represented will appear when completed, and is 
used for structures in which elegance of appearance i& vcs£^l^»x&^ 
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but perspL-ctive representations are not prepared for the iiae 
workmen, as, although if correctly represented the actual dia 
aiona of the object may be obtained from the di-awing, such dimen- 
sionB cannot be measured off directly — toobtnin tliem considerable 
knowledge of perspective is necessary. Drawing (sometimea 
shaded) termed perspective representations, but not drawn by 
the strict application of the rules of perepeotive, are sometimoB 
used to convey ideas of tools luid siAiilar objects, such dnwin^ 
should be avoided a^ oHen oseless and sometimes misleading. 
Drawings for the use of workmen and to convey ideas of 
mechanical and architectural objects, should be orthographical, 
or if rerjuired to convey general ideas isometrical projections; 
Hs by these means alone are the relations between the several 
dimensions of the objects actually represented by lines on the 
paper. These projections do not represent the actual appear- 
ances of the objects, but the dimensions of the objects may be 
obtained by direct measurements of the di'awing. Aa a rul«, 
bodies are projected on three planeii — the projectloii on the 
horizontal plane is termed the plan, those on vertical planes are 
termed the front, back, and side ov end elevations, and projee- 
tiona of sections are used when necessary but for most objects 
the above are sufficient. An instance of plan and section have 
been given in the case of portions of the e.irtb's surface. Ortho- 
graphic and isometrical projections may be considered represen- 
tations of objects as they would appear if seen from an infinite 
distance in a direction at right angles to the plane of projection. 
Projections should be drawn either the natural size or to scale; 
the scale should be drawn on the paper or stated in words. A 
common way of expressing the scale in mechanical drawing is to 
state ill words the relation the dimensions of the projection 
bear to those of the object — e. g., " scale one-sixth," meaning the 
object is represented one-sixth of its natural size. As a rule, 
lineal projections are sufficient and should be preferred, shading 
should only be used when ncicpssary to convey information. 
Shadows are assumed to be caused by light coming over the 
left shoulder of the draughtsman, at an angle of 45° to the 
plane of the paper, and to two planes at right angles to that 
of the paper and to each other and parallel to the sides and 
ends of tlie paper respectively; shading when necessary should 
be done in accordance with this conventional ride. The object 
of shading may often be attained by making some lines thicker 
than others, as in many of the figures in this book — e. g., in fig. 
54, A is a projecting object, B a hollow, g, i, c, and d, are projec- 
tions, j is a depression; these facts being rendered evident by 
iiie diSevence in thickness of the lines, see also figures 55, 56, 
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and 73. The importance of the rule is evident, the draughtsman 
knows what he intends to convey will be generally understood 
without explanation. When complex objects have to be repre- 
sented shading is useful. When objects are represented in 
section, the sections through the material are distinguished by 
the cut surfaces represented being hatched (see fig. 53); when 
several different pieces are represented in section they are 
frequently distinguished from each other by hatching lines 
drawn in different directions (fig. 65). Wood is usually dis- 
tinguished in section by lines somewhat resembling the grain of 
the wood (fig. 44), coloured hatching may be used to distinguish 
different materials. Materials are usually distinguished by 
colours somewhat allied to the colour of the material repre- 
sented ; thus, copper is represented by brownish red, brass 
yellow, &c.; a special material may be distinguished by it» name 
being written on the part of the drawing representing it. When 
only a portion of an object is represented and it is desired to 
convey this fact, the edges of the representation may be drawn 
to represent broken ends, as in figs. 54, 55, and 56. Construc- 
tion lines, measurements, and axial lines are usually drawn in 
colour, to distinguish them from the representation of the object. 
Symmetrical objects need not be drawn completely, as an axial 
line and one side, or in circular objects a sector of the object is 
usually sufficient. Drawings for workmen's use should, when 
practicable, be drawn full size, otherwise they should be on as 
large a scale as practicable; the dimensions should be shewn in 
feet, inches, and eighths, these being the measures with which 
workmen are familiar; decimal divisions should be avoided as 
less likely to be understood. In designing, fractions should be 
avoided in fixing the dimensions. The elements of orthographic 
projection are very simplC; and therefore easily learned; every 
workman should understand plans and elevations, but it some- 
times occurs that even intelligent men do so only when assisted 
by explanation; in all cases, therefore, such projections should be 
strictly in accordance with rule, the several parts and materials 
should be carefully distinguished, and the drawings should 
furnish complete information, in order that if unintelligible to 
the workman he may procure the necessary explanation readily. 
When an object is made up of many distinct parts, or when it is 
very complex in form, isometrical projection is of great utility to 
convey an accurate idea of the object in its entirety. Ortho- 
grapbic projections of telegraph offices are usually drawn to 
exhibit their technical arrangements, for the use of the chief 
engineer and the officer entrusted with their care; these draw- 
ings should exhibit in coloured lines the positions of bAL^'^vc^^ 
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placed under or through the 0oor, walls, and coiling, that wires 
placed out of sight may lie readily fouud when required; they 
should shew the di.stribution and jjattems of the several inatru- 
meats, ifec. The arrangements of small ofSces may generally be 
very readily represented by isometrical projection, and a better 
general idea of the arrangements conveyed thereby than by 
means of plan and elevation. In India drawings of all lines 
are kept, the plans are is books and shew the situation of the 
lino with reference to the road, railway, track, or canal; descrip- 
tion of construction, situations of angles, and details of villages, 
jungle, swamp, river crossings, store houses, testing posts, rest 
houses, cable lints, water supply, labour supply, camping gi-ound, 
and all particulars of importance; sections of cabled rivers and 
elevations of overhead river crosaingB are also recorded. These 
drawings arc of great use in estimating, executing and checking 
repairs, and inspecting lines ; they are not costly, as they are not 
more accurate thnn necessary to utility. 
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C0N8TRUCJTI0N. 

Section L — General Remarks on Designing. 

403. In designing a line the engineer must be guided by 
the particular circumstances of each case ; if the line is only 
required for a temporary purpose, as during military operations, 
the structure should be of a less expensive description than when 
required to be permanent. Circumstances may render it neces- 
sary to restrict the first cost of the line, or on the other hand 
the highest attainable degree of permanence and efficiency may 
be required irrespective of cost. If a line is only the commence 
ment of a telegraph system in a country, the route should be 
chosen with reference to the formation of a system ; while if it be 
in extension of such a system, it should, if possible, be so chosen 
as to afford an alternative route to the traffic in case of accident 
to the lines already in existence. Unless for purely political 
purposes, whenever possible a line should be constructed through 
commercial centres rather than by the shortest line between the 
termini decided on, in order to increase the revenue from local 
traffic and affi)rd facilities of communication to these towns. In 
designing lines along railways it is necessary to decide the 
minimum and maximum distances of the posts from the rails, if 
the line shall follow the curves of the road as nearly as possible, 
the headway to be allowed at crossings, and the sites of crossings. 
The distance of the line from the rails should be such as to 
admit of the telegraph material falling clear of the rails in case 
of accident, and yet near enough for inspection by a person 
travelling by train. The minimum distance is greatly contracted 
in popidoos countries to avoid encroaching on adjacent land; 
Blavier states there shoidd not be less than 1*50 m^tre (neerl^ 
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5 feet) between the wire aud the plaoe of the iieareat rail; this 
eUstftrco in very short, nnd only wHrrantftble under the rfreum- 
xtimces Btiited. The height of the posta should be coQBiden»d, 
and the minimum distance increased to about once and a half 
the length of the jwat whenever practicnble. Railway lines 
uaually follow the curves of the road ; they may be shortened by 
choosing the shortest route between the inaxiinuDi and minimum 
distaucea when the road is not on bank, and such a route is con- 
sequently almost level. The hendway necessary atcrosaingsmust 
depend on the height of the rolling stock, but a considerable 
excess is usually allowed. Regard must be paid to the existence 
of banks and cuttings, tunnels, bridges, &c. Liuea on common 
I'onda inity be as near the road a.i possible, avoiding encroach- 
ment ; the maximum distance from the road should bo such aa 
to admit of inspection from the road. Itoad lines in India do not 
usually follow the curves of the road, but are constructed on the 
shortest line betwe«a the rood and the maximnm distance on 
each side of it, cutting the curves of the mad ; 30 yards from the 
rond is a good maximum distance. In Europe the linee follow 
the curves of the rond tts a general rule. The angles and mad 
crossings shoiikL be as few as consistent witli observance of the 
above conditions, and the headway at crossings should be regu- 
lated according to the traffic; in Europe hay and vegetable 
waggons, and in India elephants loaded with tents, are tho 
tallest objects passing on common ro:ids, excei>ttiig in Eastern 
towns, in which large objects carried in processions jwisa along 
the streets (luring festivals. "Where roads or railways exist, 
telegraphs should be constructed near them rather than across 
country, for facility of inspection ; when these do not exist, long 
straight lines along the shortest route are not always the best— 
the best route is that offering fewest obstacles to inspection, 
carriage of materials, and electrical efficiency at all seasons, 
requiring the fewest expensive structures, as tall masts, Ac, 
without being so much longer than the direct rout<' as to counter- 
balance these advantages. As far as practicable streams should 
be crossed where narrow, and near fords or ferries ; jungle is a 
permanent source of expense, and swamps render the line un- 
approachable during certain seasons — these should be avoided. 
Bridged rivers are crossed by the bridges, unbridged rivers by 
cables or air spans ; the class of crossing chosen must depend on 
the result of a survey of the river, and the relative expense of 
cable or air span. As a rule air spans are far bolter than cables 
when practicable. Masts may be placed on land liable to inun- 
dation frequently with advantiage, provided they are not placed in 
a current likely to prove a source of danger by bringing down drift- 
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wood or otherwise ; wooden masts so situated are not attacked hy 
insects, and the distance between the masts may often be shortened 
by choosing such sites. As masts can seldom be made angle posts, 
the line should approach the masts in a direct line with the 
crossing; the span should not be unnecessarily lengthened by 
crossing the stream obliquely. In some cases masts may be 
erected in the stream; these may be either simple masts or 
masonry, or screw piles braced together may be used to support 
a mast, according to the nature of the stream. For cables it is 
necessary to choose a line in which the bed of the river is as 
stable as possible, free from rocks, and not near an anchorage, 
the slower the current the better ; as a rule the cable should be 
shore end, and should be laid loosely to provide for scouring and 
repairs. When expense is to be avoided, junction posts may be 
employed, but small huts of galvanised iron or other suitable 
material are as a rule better for containing the ends of the cable 
and land line and the lightning dischargers. Huts offer the 
advantages of being available for use as dep6ts of tools and small 
stores, for testing, or as temporary offices in case of accident to 
the cable ; these huts need not ordinarily exceed in size 8 to 10 
feet square ; they should be placed on high ground, natural or 
made, and above possible flood level. The cable should be buried 
sufficiently deep between low water mark and the junction, 
to protect it as far as practicable against deterioration from 
atmospheric influences — 3 or 4 feet is usually sufficient. For 
town lines it is necessary to consider whether the line should 
be overhead or underground ; overhead lines are cheaper when 
few are required, when a great number of wires are required 
underground wires are usually preferred. 

404. In Europe posts are almost exclusively of pinewood, iron 
posts being used exceptionally; they are usually injected, sul- 
phate of copper and creosote being the substances most generally 
employed as preservatives. These posts are generally considered 
more economical than iron in Europe. Creosoted timber appears 
most durable; posts injected with sulphate of copper appear most 
durable in damp situations, those injected with chloride of zinc 
do not last long in calcareous soils, but are durable in sand. In 
America hardwood posts are common, the base of the post is 
charred and sometimes tarred ; in Asia hard wood and iron are 
both used. Wood is more economical than iron when admissible, 
hence its general employment in Europe; but in tropical coun- 
tries only mature wood of select varieties, without sapwood, can 
be used with success. It has been predicted that in time only 
metal posts will be employed, on account of their greater dura- 
bility; it is contested Uiat iron would oertainly last ten times aa 
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]on^, and not cost five times na much as woixlsn posts, t)iere£}i« 
in the end the em[>loy)ni3ut of iron roust result in an immense 
oaving ; but tlio relative economy of employing iron or wooii 
does not depend on the relative costs and durabilities alone, the 
engineer must dedde the matter in eacl) particular case. Com- 
pared with ■wooden posts, iron posts posseaa the ftdvant^es of •! 
greater permanence of form, they require therefore less fttt«ntiaa, ■ 
and from their uniformity the fittings are readily accumtdf I 
applied or altered by unskilful workmen ; they are generwUy , 
lighter and more portable — great adv-antagea where carriage ia 
very expensive or difficult to procure; and their employment 
removes all uncertainty due to the employment of timber, where 
only selected timber wall resist the destructive agencies present; 
these advantages together with that of greater durability have 
led. engineers to employ iron posts in Asia. In Europe iron 
poles are used exceptionally ; hollow iron poles are commonly 
used to contain the cODoectioos of overhead with subterranean 
and subaqueous lines. G&at-iron polos are often employed for .J 
town linos, they are usually ornamental, and may be bronzed or % 
painted and gilt; they are usunlly supported on ninsonrr. Iron 
poles are usually of cast iron at tlie lower part to a foot or more 
above ground, and of wrought iron above. For temporary lines 
during repairs, &c., bamboos or other endogenous wood may 
bo used with advantage; an excellent mode of supporting a line 
is to tie bamboos together to form shears, burying the legs 9 
inches or 1 foot, and placing the line above the shears oi>ening 
across the line. Posts are usually buried to a depth varying 
with the nature of the soil, the tension on wire, the height of 
the post, and whether cross feet or earth plates be used or not, 
and at angles whether ties be used or not. The hold of a 
post on the ground may be increased by distributing the pressure 
by means of timber or large stones, by filling in the hole with 
stones or bricks, or by inserting the post in masonry. Ordinary 
posts do not require such expedients, but tall posts which cannot 
be stayed and are yet required to resist a transverse load, must 
be very firmly fixed. Two lai^e stones or blocks of wood are 
commonly used for the post to bear against — one is placed near 
the top and the other at the bottom of the pole hole ; old bricks 
or stones are sometimes used to fill the hole; masonry and brick- 
work plinths are used but seldom, and then to support orna- 
mental pillars in towns, for masts placed on streams, or for jxiles 
erected on rock. In India lines are erected over rock either by 
fitting the pole in a shallow hole jumped for the purpose, or by 
erecting cairns round the poles. The following are examples of 
posts actual!; used : — Th6 small fir poles used in France are l!)-5 



DESIGNING LINES — SUPPORTS. 327 

feet long, 4*7 inches diameter at base, are buried 4*92 feet, they 
resist safely a horizontal force of 48 lbs. applied at the top, 
61-72 lbs. 3-25 feet from the top, and 77*15 lbs. 65 feet from the 
top. The largest poles are 39 feet long, 10 inches diameter at 
the base, they are buried 6*5 feet, resist safely a horizontal load 
of 218 lbs. applied at the top, of 242*5 lbs. applied 3*25 feet from 
the top, and 271 lbs. at 6*5 feet from the top; the posts are 
conical in shape, the diameter at the top being at least two-thirds 
that at the base. From the above data may be calculated the 
strength of similar poles, the strength being inversely as the length 
and directly as the cube of the diameter. Masts up to 33 feet long 
are commonly buried 6 feet 6 inches, and those 40 feet long 8 feet. 
Masts to be well stayed need not be buried more than 8 feet, 
but it is usual and preferable to bury masts from 75 to 110 feet 
long 10 feet deep, and this is adhered to even when cross feet or 
earth plates are used. lb is manifest the hold on the earth 
should not exceed the transverse strength of th« mast or pole, 
and this condition has been overlooked sometimes in designing 
earth plates and cross feet. The iron posts used in India 6 to 
8 inches diameter at the base, standing 16 feet clear, and fur- 
nished with two cross feet 3 feet long, are buried about 3 feet, 
and this is sufficient ; it is sufficient in good soil without cross 
feet if the hole be bored, the breaking strain of the post being 6 
cwt. Siemens' poles to stand 17 feet clear are buried 2 feet 8 
inches ; these are only 4 inches diameter at base, and are fitted 
with earth plates 1 foot 9 inches square. When concave earth 
plates, as buckled wrought iron or castings, are used, the trans- 
verse strength is greater with the concavity upwards, but in soft 
soil the earth plate is more efficient to prevent sinking when the 
concavity is downwards. Earth plates are usually bolted to the 
post, cross feet are passed through holes in the foot of the post, 
cast earth plates are screwed or locked to the post. The heights 
of posts are regulated according to the number of pairs of cross 
arms or brackets, and the height required above ground ; ordi- 
narily 14 feet or 15 feet is sufficient distance between the lowest 
wire and the soil. Railways and military lines are sometimes 
lower, particularly the former ; when within the railway fence 
the distance may be reduced to 10 feet. At road and railway 
crossings and in towns higher posts are necessary ; on houses 
short posts are used, usually fitted into sockets, and held by 
stays. In Prussia iron poles are only used on bridges and for 
inserting in masonry and brickwork. The commonest length for 
wooden poles is 27 feet, 5 to 5*5 inches diameter at top for inter- 
mediate, and 7 to 9 inches for angle and terminal poles ; when 
considerable strength is required, the poles are coupled to form 
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a triangular frame. The Iiniian wooden lines are of hard woodj; 
a common diameter for posts of sil and teak Ls 6 iocliea, witli »' 
length of li to 16 feet from the gi-onnd; terminal [wsts (ire fr«a 
9 to 12 inches in diameter. The wood offers nesrly twice Uie 
reaiatanco to a transx-erae load offered liy fir. The beat hard 
wood, AS teak and b&I, should be niatiii-e wjiiared timber; 5 inches : 
Hqnare la large enough for ordinary poata IG feet long, and 6 !*■ 
9 incliea square is large enough for terminals and other polea of. 
the same length required to resist severe transverse loads. If 
the load be fixed in direction, the jKut should be rectangular, 
and its longest transverae dimension should be placed in th*^ 
direction of the load, and genei-ally the strength of a post nwr 
be increased economically by increasing one dimension only, it' 
posts differ in strength in two transverse dtrectiona, then oa 
Btmight sections of line they should be placed with their line cf 
greatest strength at right angles to l/ie aligranent, as the wires 
serve to support the [wst in the other direction ; if timber has \a' 
be cut up, it may be economically cnt rectangular rather thufc, 
square. The transverse specified strength of the iron posts used 
in India is — for the Hamilton 16 feet post, about 500 Iba., but 
they are as a rule stronger; and for the Siemens' 17-fl feet post, 
5G0 lbs. ; 500 lbs. is the minimum strength admitted for iron 
posts in Indift whatever their lioight, but there are weaker masts 
standing. The number of poles per mile depends on the number 
of wires, on the extra strength required to resist frost, Jrc.; on 
the sharpness of the curves, p:irticularly when tii'S or struts are 
not used at all the angles; on the inclination, if any, of the 
ground, and the existence of hills conveniently situated for 
large spans. On level ground sixteen posts [ler miio are suffi- 
cient for two wires, the wires being strong and not liable to 
accumulations of frost ; for a greater number of wires, and when 
great strength is necessary to i-esist frost, the number of (Kists 
may be increased iip to thirty. Some engineei'S recommend «p to 
as many as forty, but the necessity for so many must be regarded 
as very exceptional indeed. In Prussia twenty-two to twenty- 
five posts per mile are used on straight lines, and more on curves 
bi-inging the average to twenty-six to thirty poles per mile. In 
India the number of pules jier mile is ruled by an empirical 
formula ; it ia four times the quotient of the weight of wii-e j>er 
mile by the ultimate transverse strength of one ])oIe — 100 yai'ds 
is the maxiranm distance permitted between the poles. The 
variations necessary on inclines and curves may bo calculated 
for each mile, and the exti-a poles necessary for road crossings, 
and to raise the line above obstacles, may be obtained by obser%-a- 
tion; a post close to the road ia necess.ary on each side of a 
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crossing. Trussed or coupled poles are used to enable longer 
cross arms to be used, and thus provide for a greater number of 
wires, or to obtain greater strength at angles, stretching posts, 
and terminals. Increased height is sometimes gained by coupling 
two or three poles together, and sui>porting another pole by the 
combination ; as a rule, a single large pole is cheaper than a com- 
bination, and should be used when obtainable. Stronger poles 
are often used for angles and di*aw poles than for intermediate 
poles; when angle poles are fitted with ties they need not 
generally be stronger than intermediate poles, the tie and inter- 
mediate pole together offering a resistance to transverse strain 
enormous as compared with the additional resistance it is pos- 
sible to confer by using a stiffer pole ; even in metal poles, in 
which the strength can be regulated economically, the draw poles 
and angle poles are not made more than twice as strong as inter- 
mediate poles. As a general rule, additional transverse strength 
is more economically conferred by a tie than by using a stronger 
pole, or coupled or trussed poles ; sometimes stronger poles are 
used together with wire ties for angles, and they are very gen- 
erally combined for terminals. When the wire is stopped at 
each insulator draw poles are not necessary, and they are not 
used so frequently as formerly; but many engineers prefer to use 
them, and consider their disuse a mistake. They are really useful 
for town lines, particularly when the number of wires is large ; 
but they are objected to as expensive, because they are rendered 
unnecessary by the pi*actice of stopping the wire at each insu- 
lator, and with some kinds the insulation is inferior. Three 
or four draw posts per mile is about the average, in towns the 
number used is greater according to the conditions to be ful- 
filled. At a stretching or draw post the wire is fixed but not 
actually terminated, and, excepting in case of accident, the ten- 
sion on one side is balanced by equal and opposite tension on the 
other. It is necessary to employ terminal poles at offices, cable 
junctions, and at long spans, such as river crossings. A terminal 
pole may be an ordinary pole strongly tied by ties placed opposite 
to the loads, or a stronger pole with or without a tie or ties, or a 
coupled or trussed post ; this should be decided after calculation. 
In many cases the stronger or compound poles may be dispensed 
with at a considerable saving in favour of an ordinary polo tied. 
Poles of pine wood any given length do not differ much in 
strength : hence tying, trussing, or coupling are employed neces- 
sarily. Metal poles offer the additional alternative of increasing 
their strength by increasing the section of metal, or altering 
their proportions. Poles intended to bear vertical pressure only 
should of course be placed vertical ; when subjected to traj:iBr 
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verso Ntresa a rake towards the direction ^m wiiich tiie strain- 
ing force acta is adviuitiigeous, tiie only objection, to it is tlie 
unsi^litly appearance of the line — the adTaiitage, in any case, 
may be readily ascertained by applicatioa of the triangle of 
forces. The cases in which rake is giFen are. when violent gales 
may bu expected from a certain direction, when poles are erected 
on a curve and not held by ties, and angle posts are sometimes 
inclined towards their anchors when held by ties ; in the fii'st 
and third casea rake is not necessary. Well -constructed lines in 
India resist the most violent storms with Tertical polos. The only 
case in which angto poles should be inclined is when straining 
screws are not used in the ties ; the rake should be very slight 
indeed. In the second case mentioned above, posts may be raked; 
but it should be remembered the gain is very slight, the ratio be- 
twceTi the transverse resistances of the erect and.the inclined posts 
being inversely as unity to the sine of the angle of inclination. 

405. Stays are used to keep poles vertical in order to prevent 
tran.sverse stress, they are used fpr masts at river crossings and 
for very tall posts generally; stays termed "cross stays" are 
also used sometimes at regular intervals along lines erected in 
places where violent storms occur. These stays are erected in 
p.iirs at right angles to the direction of the wire, a pair beini; 
erected about every quarter of a mile; they are seldom used, 
but may be employed with advantage sometimes when many 
wires are erected on tall posts; cross stays are not usually fitted 
with straining screws, nor attached to the posts by clamps. 
Stays and ties are »isnally connected to the poles by means of 
clamps or chps, and at their lower end to anchors buried in the 
ground; they ere frequently fitted with sti-aining screws for 
tightening them, the straining screw being inserted in tlie stay 
or tie about 6 feet from the ground. The stay or tie proper 
may be of iron rod, single wire, or wire-rope; as wire-rope 
rusts rapidJv wiien buried the buried portion should be of rod 
or the th k t w e Bod stays aro usually heavier in pro- 
portion t st notl hnn wii-e stays. They are sometimes made 
with hooks to conne t them with the anchor, straining screw, 
and coUa but u 1 ss the rod is much thicker than required for 
tensile strenHI th se hooks open when strained, hence forged 
rings or eye should h preferred. Single wire ties are unreliable, 
and should n t a n le be employed, if however such be used 
the eyes should not be made by twisting the wire round itself, 
but by bending it round and binding it with binding wire, as in 
making a Britannia joint; the thin wire should be put on with 
a mallet, and instead of tioishing off as in a Britannia joint, its 
ends should be twisted together and bent down. Iron-wire 
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stays are often made of pieces of line wire, and stays are economi- 
cally made by twisting two or three thick wires together by 
hand; in doing this the wires should be twisted sufficiently to 
prevent slipping one on the other when strained; they should 
be stretched and twisted from one or both ends, as in ropemaking 
by hand, a tap with a hammer being applied to close any strand 
seen to rise. A wire-rope made of thin wires should be spliced 
to form an eye, and such eyes should be made over moulds or 
dead-eyes of wrought iron, to prevent them collapsing when 
strained. Stays for masts are usually spliced in this manner, 
but sometimes inferior work is used for ordinary poles. Eyes 
should not be formed in wire-rope by twisting the strands round 
the rope, the end may be secured by a long and tight serving of 
wire, or by this combined with a simple eye-splice, the strands 
being passed only once through. In making an eye-splice on 
wire-rope short servings of wire should be applied before and 
after the strands have been passed through the rope, the first 
keeps the strands together at the eye while the splice is being 
made, the second fastens down the ends; a serving mallet and a 
marlinespike are necessary to make a good splice. Splices when 
finished should be painted, oiled, or tarred, as the galvanising or 
varnishing on the wire is damaged by splicing; they should not 
be made short so as to kink the wire, and the marlinespike may 
with advantage be wedge-shaped rather than pointed; when dead- 
eyes are omitted eyes should be somewhat flat, or they may 
cause inconvenience by flattening when strained, and thus 
allowing the stay to stretch. Ties are fastened to posts by 
saddles or clamps, or sometimes in the case of wire stays by an 
eye being turned at the end of the stay round the post; collars 
are sometimes simply a continuous ring of iron, the post is made 
conical, and the collar is passed over it and slipped down as far 
as it will go; continuous collars are suited to iron posts, these 
being uniform in size and not liable to alteration by weathering 
of the external layers ; but wooden posts differ in size, and a 
shoulder should be cut to support the ring and prevent it from 
slipping down as the post shrinks or decays; nails and staples 
are sometimes used for this purpose, but are not to be recom- 
, mended. Open collars or clips fitted with ears for a bolt, or 
collars formed of two saddle pieces clamped round the post by 
two short bolts passed through ears, have the advantage of being 
adjustable, and are in general use in IndisL A ring-bolt passed 
through the post and nutted or clenched on the opposite side is 
used because cheaper than a collar, but it is inferior in strength 
and durability, it is objectionble as hastening decay of the 
wood, and as rendering it unsafe earlier when decay haa <y:fi»2Rft^ 
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Collars on wooden miiata should have bolta for tightening them, 
and ill addition a shoulder of wood should be cut for tliem to 
I'ost on wbea practicable. Orient care should be bestowed on 
fitting; the coUara to high maats, aa the mast may bo rendered 
unaarc by the slipping of a collar, and the collar may, by holding 
the fibres together, materially increase the durability of a mast 
, when badly weathered. Stays and ties may he (nxteued to 
miiaonvy and brickwork by means of ring-bolta passed through 
or into the masonry at right angles to the tension; pieces of 
durable wood, brackets of cast iron, or pi-ojecting stones, may be 
let into the masonry to form points of attachment; when neces- 
eary the force Ehould bo distributed by means of iron plates or 
timber, the unsuitability of masonry and brickwork to resist 
tension should not be lost sight o£ Wlien brickwork ohimney 
stacks and similar structures nro made use of to support lines, 
or as attachment? for stays or ties, their tenacity may be increased 
by encircling them with banda of iron, and their stability by 
staying them or by tying them in a direction opposite to that of 
the transverse load they ore required to resist. Ties are some- 
times anchored to logs of wood burit'd, or t > stout jiickets of 
timber; the inferior duriiUIKy of tiuibL-r uml^r such tiivutu- 
Btances should be considered ; when wooden posts are used wooden 
anchoi's are admissible, as the anchor will last aa long as the 
post, but if iron posts be used stone or iron anchors should be 
employed. When procurable on or near the work largo stones 
form excellent anchors, they are attached by several turns of 
thick wire and buried. Broken castings may be used as anchors, 
such as pot sleepers, the cast iron segments of posts broken in 
transport, ic, these ai'c applied in the same manner as stones. 
Anchors proper are either of cast or wrought iron, cast-tron 
anchors are usually saucer- sha]>ed, with a hole in the centre 
across which a stout wrought-iron pin is inserted in the casting 
to form a point of attachment in the tie, the end of the tie is 
attached by bending an eye round the pin. Buckled plates of 
wrought iron are used as anchors, they are attached to an earth 
rod passed through a central hole and nutted on the opposite 
side; this rod has an eye or hook at the other end to which the 
wire tie is attached. Wrought-iron anchors are much lighter 
than those of cast iron, but they are less durable and more 
expensive. Anchors should be buried in a plane at right angles 
to the load, and with their concave side towards the tie; they 
need not exceed 18 inches in diameter, nor be buried in ordinary 
eoil lower than 3 to 4 feet. Care should be taken in putting in 
anchors that tlio stay be not bent against the edge of the anchor 
iiole, because in this coae whea the earth is softened by rain the 
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stay will become slack, a notch should be cut in the edge of the 
hole to admit of the stay being perfectly straight from the anchor 
to the cellar. Stays should be placed as nearly as possible 
opposite to the force to be resisted, thus at terminal poles the 
brackets are usually placed in the alignment, if however, a long 
cross arm be used placed at right angles to the alignment, the tie 
may be branched and attached one branch to each end of the 
cross arm ; in the case of a number of brackets on a post, a stay 
may be branched and one branch fixed above the other below 
the brackets. When it is desirable to place stays above insulatora, 
they can seldom be anchored sufficiently distant from the post to 
clear the insulator. In India this case is met by attaching the tie 
to a short arm fixed at right angles to the pole, but this diminishes 
the efficiency of the tie by rendering it more nearly vertical ; a 
double tie the branches of which are kept apart by a short strut 
brace so as to cle^r the bracket, one branch of the tie passing on 
each side of the bracket or insulator, may be used. When a post 
is so near a building, that a single tie cannot be anchored in the 
proper direction, two ties may be used instead of one. Some- 
times ties are forked in a vertical plane, being attached to the 
pole at two points in its length, and joined to form a single tie 
above the ground line; these branch ties should have the branches 
as long as practicable, the lower part attached to the anchor 
should have a ring or eye at its upper end through which the 
piece forming the branches is passed and is free to move. Double 
ties should be so placed that the resultant loads on them act as 
that on a single tie. The tension on a tie and the pressure on 
a tied pole, may be expressed in terms of the tension on the line 
by means of the triangle of forces. On consideration it will be 
evident that ties anchored close to posts are less efficient than 
when anchored more distant, hence ties and stays should not as 
a rule be anchored nearer the post than one-third the height of 
the attachment of the stay above the ground. In ordinary poles 
half the height of the pole or somewhat more should be allowed 
between the pole and the anchor, and mast stays may, when 
ground is available, be spread still more. At terminal poles the 
ties should be anchored a pole's length from the foot of the pole. 
Small oval linked chain and jointed rod are used for mast stays, 
these are applicable to lower masts. For tightening stays strain- 
ing screws are necessary, and without them or an equivalent 
contrivance, stays cannot be properly tightened ; hence all stays 
should have straining screws, excepting cross stays. Angle-pole 
ties may, however, be tightened without straining screws, by erect- 
ing the pole very slightly inclined towards the anchor, fitting the 
tie, burying the anchor, and then pulling the pole upright ijo. 
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stmts ; but increased strength is usually gained in the wooden 
posts by coupling two posts into the fonn of the letter A, this 
expedient is in general use in England , France, and Germany. 

406. Pole holes may be bored or dug ; when cross feet or 
earth plates are necessary the holes are necessarily dug. Bored 
holes, or holes jumped with a crowbar or khitntie, have the ad- 
vantages of being accurately placed, being small unskilled labour 
may be employed for erecting the poles ; the pole is erected cheaply 
and quickly, because little ramming is necessary, it is strong 
because the earth is left undisturbed near the pole, and in many 
cases cross feet and earth plates may be dispensed with. When 
holes are dug they may bo square or circular, or long and narrow, 
it being necessary to allow sufficient room for the workman to 
use his tools in the hole, and for the cross feet or earth plate if any; 
to remove as little earth, and depart as little from the site marked 
for the pole as practicable. The long holes are usually placed 
with their longest diameter in the alignment, but sometimes 
across, it — ^the former appears preferable to the latter. Holes for 
poles without cross feet may be most economically dug long in 
the alignment, being made narrow at one end, so as just to receive 
the post, the bottom should be made in steps, the narrow end 
being the deepest, the depth at the narrow end should be com- 
pleted by jumping ; this hole is conveniently shaped for raising 
the post, comparatively little earth is removed, the alignment 
cannot be departed from, the post is very firm immediately after 
erection, and comparatively little ramming is necessary. The 
above mode of digging is described by M. Blavicr ; Shafiher states 
holes are dug in America 2 feet with a shovel, 15 inches wide, and 
then 3 feet with an auger. Holes may be jumped with a khuntie 
or jumper, or bored with an auger. 

407. After erection the poles may be numbered, this numbering 
is very useful and costs but a trifle. Sections of line are best 
distinguished by the stations between which they run ; the poles 
on each section may be numbered in series distinguished by 
letters of the alphabet, numbers being used to distinguish the 
poles in each series ; a good method is to measure the line, and 
mark on the nearest post to each complete mile its distance from 
the station started from, in miles and furlongs measured on the 
line, and also the number of poles in the same distance; by this 
system the length of line and the number of poles are given at 
the end of each mile, and any pole may be described by its num- 
ber, and the number of the nule in which it stands. It is not 
necessary to number every pole, one pole per mile is generally 
sufScient; the numbers or letters should be large, they are 
usaally pat in the form of a fraction, and should be ^a^s^^m^Ss^ 
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conspiciiouB (Inrablo paint on the side of the post cxposod to 
view froui the roiM;!, rail, cuoal, footpath, or othiT tnwk near the 
line ; wlieu no such track exists the numbers should all face one 
way with reference to tlie direclioii of the line. Liiios liave 
nsnally a distinctive nuroter in a printed list, in which the routo 
oi, uDd Btatinns on, each line are stated, and by this number the 
lilies arc dialinguiiihcd in estimntea and other records. Linisa may 
be distinguished by circuit numbers, tlieae are given fi-om the chirf 
office and are applied to particular wires according to convenience. 
Linos are also known by numbers distingniEhing there by their 
relative positions on the poles, and undergronnd wirea usually 
have each a distingiiishin;^ number. Wooden ])oles should bo 
stamped with date of erection. 

408. Insulators are cither fantened to poles directly by their 
Ktalks or by ears or saddles formed of the procelain or by expan- 
sion of the metal cover, or they are supported by brackets or 
cross arms. Insulators fixed to poles directly by their st&lks 
have the stalks either ]>ointed or formed into a male screw, to be 
inseiied into the wood of the post, or they may be flattened and 
fastened to the wood by a. binding of wire, or hy screws passed 
through holes made for their recc]iLion ; to ktieji the cup clear nf 
the post the stalk is bent twice at right angles, or into an S 
curve. When insulators arc attached by procelain ears screws 
nrt!]iassed through the ears into the wood; wlien they are attached 
by the nietikl bell the metal of the bell is expanded into ears, 
through which screws arc passed, or into a saddle, which may 
]iartially enibnice the i>ost and be bolted on each side by bolts, 
l)iL.ssed also through a second insulator, or through a metal saddle ; 
■ ir along bolt bent round the post maybe passed through the 
• ■nrs of the insulator, and seciH-ed by two nuts, one at each ear. 
Light insiilatoi's for military linens are usually attached directly 
to the posts by their cajis or stalks; when attached to living trees, 
screws should bi! used in preference to binding with wire, as the 
latter kills the tree. Insulators are attached to wooden posts by 
Hpikos, but screws should be preferred. In Fruice the insulator 
stalks are spiked to the poles, in Prussia the insulator stalk is 
sci-ewed into the pole. Insulatoi-s ai-e commonly supjmrted by 
brackets ur cross arms, the brackets used ai-e mostly of malleable 
cast iron galvanised, seldom of wrought iron, ordinaiy cast iron 
is not usually suitable, a liollow form is adopted to combine 
strength with lightness ; the best mode of attachment to the post 
is by means of ears, the brackets being used in pairs, and clamped 
i-ound the [tost by two bolts; this mode of supporting insulators 
is employed in India. With wooden posts projections on the 
bracket tire inserted iu t\v(; wood of the post, to prevent the 
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brackets sinking when the wood shrinks or get« weathered ; the 
brackets may be fixed by wood screws to wooden posts, or they 
may be made in pairs with a ring between them to be passed 
over the post, but bolts are better. When. only one bracket is 
required on the same level on each pole, then a bent bolt or a 
saddle may be used, as described above for fixing insulators when 
used without brackets. On wooden poles the insulators, when 
numerous, are supported by cross arms of oak, the stalks of the 
insulators are placed in holes in the cross arms, and the latter are 
bolted to the pole by bolts passed through the cross arm and pole. 
This mode of support is in general use in England. The oaken 
arms should be well oiled and painted. Sometimes insulators are 
placed on the tops of the poles ; lightning spike sockets when 
such are placed on the tops of the poles, should be the same size 
as the bracket sockets for the insulator stalks, as a line may then 
be erected if necessary on the top of the poles by fitting insulators 
instead of lightning spikes in the cap sockets. Insulators on the 
tops of poles are liable to injury from lightning, a lightning rod 
should project above the insulator. Lines should not, as a rule, 
be erected on the tops of the poles, but by so placing a wire a 
considerable saving may sometimes be effected in erecting an odd 
number of wires. Brackets and cross arms are a more expensive 
mode of supporting insulators than by either lengthening the 
insulator stalk or expanding the procelain cup or metal guard of 
the insulator, to form insulator and bracket in one piece ; but the 
former are more convenient, as carrying more wires and admit- 
ting of removal of the insulatora when injured or for cleaning. 
For light temporary lines, the insulator and bracket may be in 
one piece with advantage. To fix many lines against a wall 
sometimes a short pole is fixed to two or more brackets let into 
the brickwork; this is common in tunnels and overground town 
lines. Sometimes on bridges poles are supported on brackets let 
into the brickwork, these brackets are merely pieces of timber or 
iron brackets built into the bridge and supported by oblique 
struts, usually resting on the projection of a string course below; 
but the wires are more commonly supported on long brackets 
projecting from the outside of the bridge, built intx) the masonry 
or brickwork, or bolted to the wood or ironwork, according to the 
material of the bridge. Oblique struts should be used on masonry 
bridges, excepting when the weight of masonry above the point 
of insertion of the bpacket is conniderable, or the number of lines 
very few; and on iron girder bridges either clips should be used, 
or care should be taken to put bolts only in the compressed flanges 
of the girders. When many wires are erected on the same line 
of poles, brackets or cross arms render it possible to use lower 
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in the centre of the span, it is of great advantage to place them 
in different horizontal planes when tlie distance between them 
is short or the span long. Fig. 78 represents the arrangement of 
insulators adopted generally in France. In India when the span 
exceeds 120 yards no two wires on the same post are placed in 
the same horizontal plane, but the arrangement shewn in fig. 78 
is adopted ; for shorter spans the wires are usually placed in pairs 
on the same level, and the brackets are uniform in length ; but 
when the lines are very numerous and cast-iron poles are em- 
ployed, long arms are used, arranged as in fig. 75. When many 
wires are erected on the same poles, great care is necessary in 
arranging them to avoid liability to contacts without inordinately 
increasing the length of or distances between the brackets. 

409. The essential parts of an ordinaiy insulator are — a bell, 
or several concentric bells of porcelain or brown stoneware, 
usually highly glazed, and a stalk of wrought iron or steel 
cemented in to support both insulator and wire or only the 
wire. Several bells are employed to increase electrical effi- 
ciency, they are as a rule formed in one piece. The porcelain 
cup is sometimes protected by a hood of ordinary or malleable 
cast iron. The insulator is supported and fixed to the post either 
by the hood, which is at one part expanded into a saddle with 
ears or otherwise adapted by its shape to the purpose, or it is 
supported by its stalk, which is fitted into a hole in the bracket 
arm or pole roof The wire is supported and secured in the case 
of a hooded insulator by lugs, grooves on the hood, or by a hook 
on the lower end of the stalk, and in uncovered insulators by 
grooves or notches on the bell. The wire is secured to the 
insulator by wire serving, cams, wedges, or by winding the wire 
round the bell in a groove for the purpose. The slightest crack 
in the insulating material is sufficient to greatly impair its 
efficiency (electrically), a patch of the glaze should be ground 
off before testing an insulator. The object of a fine glaze is to 
hinder the adhesion of dust and assist in its removal by rain. 
Double bell insulators are more difficult to clean, and more 
liable to become inhabited by insects than single bells, but their 
insulating property is higher, and they arfe hence preferred for 
long lines. For short local lines in towns single bells may be 
used, they are sufficiently good as insulators, easier to clean, less 
liable to get dirty, cheaper and commonly stronger than double- 
cup insulators. The inner cups of insulators are made shallower 
than the outer cups, and when more than two cups are used the 
innermost is the shallowest; more than two are seldom employed. 
The stalks of insulators should be of wrought iron or steel, they 
Are usually galvanised, slightly tapered towards the lo^^^ ^xA^f^ 
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fit the socket of the bracket; terminal and angle inaulfttor stAlks 
are somctimea secured in the bracket by a nut screwed on the 
stalk under the bracket, and iiiterniadiat« insulators are com- 
monly secured by a piece of wire laid in a groove on the stalk 
below the bracket, and its ends twisted together ; but if a line 
be pi'()]ierly marked out, the weight of the wire is sufficient to 
keep tliti inaulrLtora down, and the neceusity for faateuings may 
be regfti'Jed as exceptional. The thickness of the stalk should 
be such RB to enable it to resist the tmusvcrso load at the 
acutest angle permitted on the line, and care should ho taken 
that the cement used is not one likely to destroy the porcelain 
by expanding. The iron-hooded insulators used in India will 
cany a SJ B.\V.G. wire at an angle of 30°, Sometimes the 
stalks of insulators are covered for a short distance with ebonite 
to improve the insulating property; but the utility of this is 
iloubtfiii, as the coating soon stripa off, jjrobably by reason of 
the sulphur attacking the iron. < When the wire is suspended 
from the insulator by the stalk, a hook is turned on the stalk to 
receive the wire; to prevent the Utter being -lifted out the'hook 
is sometimes formed by bending the end of the stalk, into a 
helix. When it is required to fi.v (In; wire to thu fit;ilk it i« 
suitably shaped, and litted with eccentric cams, openings for 
wedges, or pressure sci'ews. The end of the stalk fitted in the bell 
is roughed or grooved, and the inside of the bell is grooved to 
assist the action of the cement. If the quality of the materials 
and nature of the Joint be considered, it will be obvious su'sjien- 
.lion of the wire from the stalk is inferior in strength to the 
combination in which the wire is supported on the bell, and the 
bell on the stalk; and in the latter case, injury to the porcelain 
which loosens the stalk, is not ao likely to entail fall of the wire. 
Insulators supported on their stalks may be broken into many 
pieces, and the tops may be entirely removed by lightning, and 
even under tjiese circumstances the wire veiy seldom falls if the 
binding be well put on, or if the iron hood be not entirely 
i-emoved. Insulators may or may not be covered or 'partially 
covered with an outer cup or hood of metal ; some insulators 
are made very thick, and have no metal covering, others have a 
metal cap only, wliile others have either a continuous or a 
l>erforated metal bell cover, forming an outer bell covering the 
porcelain. The metal covering is cemented to the porcelain in 
the same manner as the stalk, but freiiuently with an inferior 
cement; it is frequently of cast iron, but malleable cast iron is 
far better, and more economical in use. The principal uses of 
the metal covering are — Firstly, To strengthen and protect the 
porctlMW from blows; gecomftij, t« hold the porcelain together in 
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the event of it being actually cracked or broken; thirdli/, to 
form and carry lugs, cams, screws, grooves, saddles, <kc., neces- 
sary to hold and secure the wire and to fix 'the insulator to the 
post; the properties of porcelain being such vthat these cannot 
be formed of that material, but must be formed of metal and 
applied; hence, if the insulator be required of any but a. very 
simple form, a metal cap or cover is a necessity, while its employ- 
ment not only diminishes the risk of breakage, but it prevents, 
as a general rule, the immediate consequences of such breakage. 
Fourthly y The metal cover hinders . radiation, and diminishes 
therefore the deposit of dew on the porcelain. ..When the line 
wire is bound to every insulator by wire passed round a neck or 
groove of the insulator, the porcelain, if cracked, is held together 
by the binding without the presence of a hood. The usual 
form assumed by the metal cap is either a. bell similar in shape 
to the bells of porcelain, or it is merely a cap covering the top of 
the porcelain, the porcelain b^low this cap being freely exposed. 
The object of having the hood pierced with large fholesj as in 
some patterns, is to admit rain in order that the porcelain r may 
be washed thereby, and so combine this excellence of .the un- 
covered with the greater strength of the, covered; insulator. . In 
Europe iron-hooded insulators are seldom used; but in Asia, and 
generally when the lines are situated in regions. subject to severe 
storms, and where frequent inspection is impracticable, iron- 
hooded insulators are preferred. . A swinging insulator for 
attachment to living trees has been invented by Colonel 
Chauvin, but it does not appear to be .in general use — 
it does not differ in principle . or general form from the 
insulators described above, excepting in being ■ suspended. 
Insulators, although the same in principle, are made of many 
patterns and sevei*al sizes, according to the ideas of the in- 
ventors and the purposes for which required; of the. different 
patterns some are made with long narrow bells particularly 
Clark's pattern, some patterns are rather conical than bell- 
shaped, others are nearly cylindrical, some . have the head 
perfectly cylindrical. In some patterns, particularly those 
without hoods, the wire is laid in a side groove or neck, or in a 
top groove, while those with hoods generally carry the wire on 
lugs, on the top, or by the stalk. In Varley's pattern the edge 
of the cup is of a form calculated to throw off water (fig. 66); in 
some patterns the cups are separated by an inch, in others they 
are less than half an inch ■ apart The porcelain is in some 
patterns much thicker than in others, being usually thicker when 
no hood or oply a cap of metal is used. White ware is used 
most, but brown ware is also used ; the brilliancy of the glaze 
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ware, having two grooves round its greatest circumference at 
right angles to each other, is inserted in the line, bj cutting the 
wire maMng two eyes linked together, and inserting the testing 
ball between them, so that the wire lies in the grooves; this 
causes a solution of electrical continuity in the conductor, and 
the interval is bridged by thin wires fitted with platinum discs, 
held together by a screw; this arrangement is cheaper and lighter 
than employing two insulators. A testing ball or some equiva- 
lent arrangement is usually placed at intervals when the offices 
on the line are few; 10 or 12 miles apart is near enough in 
a long line. The testing balls should be placed near towns not 
having offices, and at the posting stages, rather than in out-of- 
the-way places. One of these testing balls should always be 
erected on one or both sides of every large river span, but is not 
necessary at cable crossings, as the wire may be disconnected at the 
junction with the cable. At river spans, as the land line and 
crossing wire must be stopped, if a separate insulator be used for 
the line on each side, then a pair of platinum contacts may be 
used between the insulators to bridge the intervaL When extra 
strength is required in the insulator two insulators may be placed 
in the alignment and coupled together by wire or a clamp ; this 
arrangement is often used at very long spans, the coupled insu- 
lators at the terminals are placed to project above the top of the 
pole, it is useful when large insulators are not at hand ; but care 
should be taken to so couple the insulators that they act together 
to resist the load. At terminals, unless otherwise provided for 
by cam or wedge fittings to the insulators, the wire is best 
secured by making a ring to pass round the head or neck of the 
insulator. In general, whenever the insulator has to bear a 
transverse load, it should be, together with the post, in the angle 
formed by the wire, the neck or head of the insulator and not 
the lugs or projections on it carrying the load directly. Insu- 
lator stalks should fit bracket sockets tightly enough to prevent 
shaking, or the porcelain may be cracked; the bracket socket 
and the insulator stalk should both therefore be slightly conical. 
One pattern insulator has the stalk fixed in the cups with tow 
dipped in a preservative, instead of being rigidly fixed by cement, 
to prevent firacture of the porcelain by expansion of the stalk or 
cement, or by shocks ; in another pattern, a female screw socket 
having a solution of continuity in its circumference, is cemented 
into the porcelain, and the stalk is screwed in, the stalk not 
fitting tightly. The objection to the tow is the liability to 
shrink and decay, while the other mode of fixing is more expen- 
sive, and probably less efficient, than well-chosen cement, hence 
the use of cement is very general 
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410. When, however, at a sharp angle the pcet cannot 
placed in the angle made by the wire, if near a thorough&n, 
a ntoiit wire may be fixed to the pole above and below the 
jnsulfttor to serve as a guard to catch the wire in the event of it 
getting loose from the insulator ; the necessity for a wire guard 
ia exceptional, a single guard is stilBci^ut for any number of 
wires on the same pole. For terminating the wire ft class of 
insulator termed a sliackle is fi-oqnently employed ; these are 
much used in town lines in Europe for terminating overh«nd 
tines at offices, and for angles at which it is desirable to termi- 
nate the wire ; they serve as testing or control insulators, but 
being inferior in the insulating property to ordinary insulators, 
and more expensive, they are more usually employed un short 
lines, and then as seldom as possible. The best pattern Ls that 
in wliich a double bell of i>orcelnin is fixed between two plates 
of iron by a bolt jiassed through its axis ; the wire is fastened 
round the neck of porcelain between the bells, these latter 
serving as rain caps. The mechanical conditions in the BhacBtle 
&ve better than in the ordinary insulator, but ns already explained, 
the littler should be preferred when practicable. At officios when 
a shackle is used to obtain a solution of continuity in the con- 
ductor, two porcelain double bells are used. A very inferior 
form of shackle ia one in which simple reels or drums of porcelain 
are substittited for the double bells ; such shackles should not lie 
used, as they are very imperfect insulators. 

411. For aerial lines iron wire is used. In Europe Ko. 8 
B.\V.G., diameter--17 inch or 4-31 millimetres, weiKhing 389 Iba. 
per mile, may be considered about the medium size employed; 
the largest size usually xmed is probably No. 4, diameter 
■24 inch or C'l milliniStres, weight 775 lbs. per mile; No. 
3 ia used occasionally. In India No. 1 was uaed, but its use 
has been discontinued, and most of it rejilaced by lighter 
wire, the standard size is 5A; No. 12 is the smallest size com- 
monly used; No. 16 maybe uaed for special purposes, but in 
short lengths, and very seldom. In America No. 9 ia the com- 
monest size, 7 and 8 are used, and 6 is used occasionally. In 
Prussia about No. 5i| is uaed for international lines; for ordinary 
lines about No. 8, and for leading in wires, crossing railways, ic, 
Ho. 11. The gauge of wire should be ruleil by the number of 
wires on each pole, this is regulated in India as follows : — 

2 wires on efich pole, .... No. 5i 

3 to C „ , „ 9i 

7 to 14 „ „ „ I2i 

More than 14 wires on each pole, . . „ ISj 
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For town lines and long spans stranded wire is used ; tliin wire 
(unannealed) is stronger and more ductile for its weight than 
thick, stranded wire has a greater tensile strength and ductility 
than a solid wire of equal weight per unit of length; stranded 
wire is more flexible, and hence easier to work with, but it 
exposes greater surface to the air, hence it corrodes more rapidly 
in a corrosive atmosphere, and it is more expensive ; for example, 
7 wires of No. 14 would be about 12 per cent, lighter, and 5 per 
cent, stronger than a single wire of No. 4. , The advantage of 
using stranded wire appears to consist in the possibility of using 
it harder than single wire, for thin wires if annealed thoroughly 
are not stronger than thick ones. Thin wire • proportionately 
stronger than thick is mechanically more economical, ■ but . a 
certain absolute strength is necessary, therefore the .thickness of 
the wire cannot be reduced below a certain .point * dependent on 
the conditions to which the line is to be subjected. . For railway 
crossings thin wire should be used, as not likely to cause acci- 
dents to rolling stock if it should fall across the rails ; for lines 
to resist the severe storms of tropical countries, or accumulations 
of icicles on the wire, large sized wire is used; when many wires 
are to be placed on the same poles lighter wire is used, and the 
poles are nearer together; lighter wires are used in towns and 
across roads • having much . traffic than, in the country and off- 
roads — the greater load on the thick wires and the greater weight 
of the wire, making an accident more serious to ptwsengers the 
thicker the wire. When it is of importance to reduce. the dip, 
as in crossing a wide river, stranded wire of steel is used; steel 
wire is mudi more expensive .than iron, costing upwards of 100 
2)er cent, more, but it is cheaper • to use . this wire. to. gain an 
additional 8 or 10 feet at a crossing, than to lengthen the masts 
by this additional height. . Stranded wire is made of three, four, 
or seven strand wires ; the wire commonly used for town lines 
has usually three strands, sometimes four; wire used for long spans 
has usually seven strands. Much wire used as iron is probably 
a homogeneous metal — i. 6., it contains more than '25 per cent, 
of carbon, this being due to the difficulty of working up to 
the stringent conditions often imposed by the specifications. 
As the galvanising is rapidly dissolved by sulphurous vapours, 
in the neighbourhood of factories where much coal is burnt, and 
on railways, particularly in tunnels where the wire is much 
exposed to vapour and products of combustion from locomotives, 
the wire may be thicker than where not exposed to such 
agendas. . As far as possible, the gauge of wire on each section 
of line should be uniform, as on unSbrm gauge lines the positions 
of &ult8 can be more readily calculated from electrical measure- 
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mcnts. The best quality wire should bo UHed, it sbould be as 
rul(! soft. ])articulftrly if it is to be joined by twiete*! Joints ; 
hurdorofbad quality it is more difficult to manipulate, &ad ciiasi 
vasti* of time and wire, and short pirices cat from the lino wii 
cauDOt be UBed to make ties. The Pi-uaaian specification for wii 
BpecttieR — -the wire to be subjeoted to 30 rectangular bente 
before breaking, it may bo wound several times round a wire < 
ita own size in a close helical coil without breaking, splittiug, « 
Bpringing back, it muat carry 2204 lbs, (English) per square inc 
tension for a quarter of an hour without stretching. The wtrti 
is almost invariably galvanised, bat sometimes it ia varniahe^ 
Tarnishing being less expensive. No. 8 and smaller sizes an 
best joined by a twisted or bell -banger's joint, lai^r sizes by^; 
Britannia joint. The twisted joint is made by holing the wire^ 
together in a hand vice, clip, or pliers, and twisting each thm^ 
or four times round the other as closely and as tightly a 
with an eye-bolt; a special tool, termed a joint lever, iaT 
xised for making theae joints. The Britannia joint ia 
placing the two wires made quite straight together fiwii 
inches, or for the thickest wires 2 fppt, iind fixi 
~\'ice, clip, or eye-bolt; a serving of thin wire, usually No. 16 
B.W.G., from 2 tn 4 inches long, is put on in the centre of the 
double wire, the free end of wire on each side of the serving is 
bent to an acute angle, and the ends of the thin wire served 
tightly Pound the main wire on each side, the ends of the thick 
and thin wires are cut off close. The binding wire should be of 
the best charcoal iron, and it is much better and quicker served 
on with a mallet; if it be put on by hand it is likely to give 
slightly and crack the solder if soldered, or even to open out. 
In India a special tool is sometimes used, and in England a 
joint-hook is used to bend up the line wire; the first is a very 
special tool, and neither are absolutely necessary. Sometimes 
wires are twisted together before galvanising, and the zinc 
coating is relied on for continuity of electrical conductivity ; 
this kind of joint should be avoided, joints should be invariably 
soldered with tin solder. On temporary lines the joints are not 
usually soldered, but on permanent lines they should invariably 
be soldered to ensure electrical continuity. The malleability, 
tensile strength, and resistance to shearing of the solder ia very 
different from that of the iron, hence it is only in very thin 
wires that the solder can be relied on to hold the joint, and it is 
only in such the solder should be suffered to bear the stress 
(vide Soldering), Several other modes of joining wires have 
been proposed and applied ; amongst others a tube has been 
substituted for the "«we Bei;v\n«, tba wire being held by hooks 
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or wedges ; but the thin wire serving is generally used, and is 
preferable, as it is less likely to permit sliding and consequent 
cracking of the solder. If the resistance of the solder to shear- 
ing be alone relied on, with soft iron wire the section of solder 
exposed to shearing stress should be at least ten and a half 
times the area of the cross section of the iron wire. When line 
wires are not continuous, as when the wire is wound on winding 
drums, shackles, or even when the ends of the wire are on the 
same insulator but not actually joined, a thin wire (No. 12 to 
16) is wound into a spiral, and soldered to the line by its ends 
to ensure perfect electrical continuity. When the wire is bound 
to every insulator, the commonest practice at present, this is 
done in several ways; one method and that most generally 
employed, is to use No. 12 to 16 wire, wind it round the insula- 
tor in a form dependent on the pattern of the insulator, bind it 
for four turns tightly round the line wire on each side of the 
insulator, twist its ends together, cut them short, and turn them 
down; the wire will not run if well bound, and a breakage of 
the heavy wire used in India erected on 16 to 18 feet poles is 
found to produce merely inclination of three to five poles on 
each side of the breakage. When many wires have to be erected 
across a long span they are best made into a cable, the cable is 
suspended from two iron wires, as it is deficient in tenacity. 
For the cable copper wire well insulated with gutta-percha or 
India-rubber should be used; in tropical countries the latter 
should be preferred, and the whole should be taped and tarred, 
or if of India-rubber covered with felt. A cable such as above 
described is the most economical mode of crossing a wide river 
with many wires, as by other means it is difficult in this case to 
prevent contacts without great additional expense. If several 
lines on the same pole be of equal importance, then the heaviest 
wires should be placed on the lowest insulators; but the most 
important lines (generally the thickest wire) should always be 
placed above, being then less liable to accident. Local lines 
should evidently be placed below. The lines should maintain 
the same order of arrangement on the poles along the entire 
route, and the more important wires should be placed on the 
side of the post nearer to the road, canal, or other line of com- 
munication adjacent. 

412. Iron poles do not require to be protected by lightning 
rods, but wooden poles and the insulators on them do require 
such protection. Iron poles are usually surmounted by lightning 
spikes; these give the post a more elegant and finished appear- 
ance, but are not necessary to protect the post. When, however, 
insulators are placed on the tops of iron poles, a wire, preferably 
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]K>liiteil, eliould be connected tuetallicall}' with each pole, aiu! 
extendeil fur a, short distance above the insulator, aa iRSulatora 
fio |ilHced are liable to have their tops ahtttlered by ligbtning. 
The lif;htiujig does not esca])e fiv>m the edge of the iron hood lo 
the ]Kile, but entli-ely destroys and removes the ton of the insu- 
lator, leaving the atallc exposed above ; thU Iiaa been olreerred 
frequently in India. That the damage is due to liglituiug is 
proved by the burnt appearance of the<(lainaged iosillator, and 
by the fact that several insulators on contignous ihiIbb are usii»Uy 
destroyed at the same time. Wooden poles should as a. rule luve 
lightning rods, pai-ticularly across open country; if they have 
metiLl Htnys or ties, only the ]>art above thu tie need bn iiratected. 
Lightning rods are usually of stout wire, stapled or naued to the 
pole from end to end. In India the use of staples i or nails in 
fixing lightning and contact wires to wooden poles has been, dis- 
continued, as it was found the ligbtning diacliar^d by the pointa 
and split the poles. Wooden poles are usually fitted iritli ruu- 
capa or roofi of. iron or ziuc, -to inarease their durability; tU' 
cu\m are sometimes anroKiuiiled by lightning spikes, or the l^it ' 
ning rod may be continued for a short distance above the pole 
caps and bracki.-ts should bf attiicliL'd lactjdlieiilly to the lightning 
rod. The lightning rods shnnld he eithL-r all placed on the same 
side of the poles, or preferably on the side most exposed to view 
during inspection. It is not necessary to solder the joint be- 
tween the lightning wire and the cap, but the connection between 
the brackets and the discharger should be soldered, as the object 
is to carry off leakage currents, which might otherwise interfere 
with the traffic on the lines. Multiple lines on wooden poles 
need contact wires when lightning rods are not used, but the 
lightning rod, when present, should be made to 8er\-e both pur- 
lioses. Cont.TCt wires are usually of thin wire (12 to 16) ; they 
should be soldered to the brackets if the latter be of metal, and 
connected through the ties or directly, to the earth — they should 
be placed as dcsci'ibed for lightning wires. Sometimes lightning 
rods are only used at every alternate post or at longer intervals; 
as when posts are destroyed by lightning several contiguous poles 
are usually destroyed at the same moment (in India commonly 
four or five, and occasionally as many as twenty), lightning 
rods at intervals may often prove sufficient ; but for half n mile 
on each side of offices and cnble houses, on high gi-oiiud, and 
when tall poles are used, every polo should have a rod. Masts 
should have rods to protect that part of their length not pro- 
tected by metal stays, and should, if practicable, be surmoiinted 
by spikes. Telegraph buildings should as a rule be protected, a? 
jjroteotora can be made of old waste or spare wire at a very 
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trifling cost. To protect a pole or building the rod. should be 
higher or as high as the structure, connected metallically with 
all metal parts on its surface, in good contact with the earth by 
being immersed at one end in a well or sunk to moist earth, and 
of ample electrical conductive capacity. 

413. Wire, brackets, bolts, insulator hoods, poles, &c., of iron 
are usually galvanised; sometimes black varnish, or a varnish 
coat given by immersing the iron in hot drying oil, is used as a 
presei-vative instead of galvanising; but these require renewal 
from time to time, and although cheaper in first. cost galvanising 
is more economical in use, and should, be preferred. When 'ex- 
posed, to, sulphurous acid; as near, furnaces,' or to. muriatic acid 
as in the. neighbourhood of the sea, lead paint, any anticorrosive 
paint,: hot oil, or oil and tar, may be used to protect the metal; 
but it should be done inside and out, : and as far as practicable 
renewed from time to time as it .wears ofi*. > , 
. 414. In railway tunnels and underground passages generally, 
such- as. the sewers and. catacombs: of Paris, telegraph wires 
may be erected on the walls on ordinary insulators . fixed .to the 
walls directly or by brackets, or.covered wires fixed along the walls 
may .be used. • The covered wires may be/coated with- gutta-percha 
or vulcanised India-rubber, and covered with felt or tape soaked 
in Stockholm tar,' or . of gutta-piBrpha . covered with lead. Gutta- 
percha, covered wire J taped and tarred, is .frequently used; it is 
cheaper than lead-covered ; wire, but .inferior in durability, and 
in tropical climates seldom admissible. Gutta-percha covered wire 
protected by being enclosed in a tube of lead is exceedingly durable, 
and most economical in use, particularly when products of com- 
bustion of coal are present in considerable quantities in the atmos- 
phere. . In to wns.undergroundi wires are used. . They are employed 
to a .greater extent. in- London than' elsewhere. Being; in. short 
lengths, the induction due to their close proximity to each other 
does not impair their electrical.efficiency, the insulation is higher, 
as exposed insulators cannot, be k^pt clean, and there are obvious 
advantages ii;i employing . underground wires in towns when the 
number of wires is very .numerous. , If there be no danger of the 
earth being disturbed, and but few wires .be required, as in many 
Indian towns, then, simple gutta-percha covered wire protected 
by lead. may. be .used; but as : this wire will not resist rough 
usage it should not be used in any place where the ground is 
likely to be disturbed to repair water, gas, or drain pipes, hence 
it cannot . be safely used in large European towns. Asa rule 
underground wires are protected by tubing of some kind ; 
sometimies wooden troughs are employed, the covered wires 
being laid in the trough, a wooden cover is fixed on and the pit 
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covered in. Cast-iron tiibing is generally iMiiplojred to protect 
undt^rgi-oiind wires, Lbe system being modified accordinglj M ibu 
number of wires to be laid is large or smnll. When the uuiabor 
of wires is small the following is ft good sjrstem : — The tubes usod 
ai-c those made for conducting gas, kc, they are laid in rtnight 
lines joined by elbows; at intervals of 50 to 100 yards thn ung- 
mcnts are «)iuie>ot«d by eliort leagths of tubing of litrger nvat, the 
gauge of the connecting piew permitting it to slide oa tha tubes 
it connects, the tubes are carefully laid ; the connecting pteoea 
being left open, a string is passed through each tube aa il is laid, 
as each segment of f>0 to lUO yards is completed a cord is drawn 
through it, and by me-ans of this cord is drawn in the covered 
wires, the connecting tubes are drawn over the intervals btrtwcra 
the segments, and the joint is made tight with lead. The route 
of the wires is carefully surveyed and drawn, the positions of the 
joints being marked on the plan ; hence, if repairs become necea- 
sary any joint can be found readily, bad pieces of wir« tc«t«^, 
i-cnuivc'd, and good wire substituted, witiiout disturbing thb 
earth and tubes elsewhere than at the jointa. The tubca are 
liermetically sealed, the wire is usually eovei-ed with gutta-percha, 
taped, and tarred; the wires are very durable even when the 
surrounding earth is impregnated with illuminating gas, which 
would injure the gutta-j>ercha if unprotected by the tubing. 
Sometimes instead of aingle wires, cables contaiaing several 
wires up to as many as ten are used; the advantage of using a 
cable consists in the saving of space, but when practicable it b 
better to use single wires. Sometimes the wires are fastened 
together to form a bundle; but the best mode is probably to tie 
them together at intervals, and as they are drawn into tlie tube 
remove the tying, there is then no danger of a wire rising and 
sticking in the tube; and should any wire fail afterwards, it can 
be removed without disturbing the others. At the junctions of 
the segments of tubing the wires should be numbered. When a 
great many wires are i-equired, the sj-atem is only varied from 
that described above in a provision for gaining access to the 
wires without disturbing the earth; it is evident as the number 
of wires is increased the necessity for ready access to them 
becomes greater. The tubes are of course large enough to con- 
laiu the required number of wires, they are not connected by 
joints, as described above, but ai-e loft disconnectod and separated 
by a short distance, the ends of the tube opening into a box of 
cast iron or a pit lined with masonry or other suitable material 
intersecting the aiis of the tube; this box is covered by a mov- 
able cast-iron cover, the upper surface of which is level with the 
paveatent, Lar;^c pipes of cast iron are sometimes caulked at 
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the joints with tarred yam instead of lead, the admission of water 
being favourable to preservation of the guttapercha. Sometimes 
stoneware pipes are used — they are caulked at the joints with 
Stourbridge clay. Although the admission of water to the pipes 
is beneficial, the caulking must not be of a kind permitting earth 
or sand to enter the pipes. Lead piping may be used when 
stoneware is not available in situations where iron would be 
rapidly corroded. Access to the wires is obtained by lifting the 
cover off the pit or box, when the wires are seen within. Some- 
times short hollow posts are erected instead of the box or pit above 
described, the wires being brought up into the post, which has a 
small door or lid through which access may be obtained to them. 
Plans should be kept of the routes, positions of draw boxes and 
posts, <kc. Draw boxes appear to be superseding draw posts, 
they are evidently easier to construct, cheaper, and they do not 
obstruct the thoroughfares as the posts do. Copper wire is used 
as the conductor, it is commonly No. 18 B.W.G. and covered to 
No. 7 B.W.G. with two layers of gutta-percha alternating with 
two layers of Chatterton's compound, it is usually in lengths 
of 400 yards. It is evident the tubes are not hermetically 
sealed, and the wires cannot be expected to last so long, while 
the depth to which the tubes are buried is less than in the 
other system; working draw boxes may be 2 to 3 feet long, 
or longer according to necessity, but should not be larger than 
necessary for the purpose required. When merely for drawing 
the wires into and out of the tubes the boxes may be very small, 
not much exceeding in diameter twice the diameter of the tube ; 
these boxes may be sealed with asphalt or covered with earth, 
and opened when necessary. The tubes may be buried about 
2 feet deep, iron pipes are commonly laid 1 foot deep. The 
distances between the draw boxes vary with the nature of 
the Jine ; on a straight line they may be longer than on a line 
having many angles, and it is obvious they should, when practi- 
cable, be so distributed as to be placed at angl^ and on curves. 
The standard distance should depend on the strength of the 
wire, and whether it is required to draw in and out single wires 
or bundles, as when single wires are drawn from amongst many 
others the friction is considerable, particularly when the wires 
are covered with tape and have rough surfaces ; when the wires 
are numerous, probably 100 yards should not be exceeded 
between draw boxes or posts ordinarily, but these draw boxes 
need be only just large enough to allow the wires to be drawn, 
larger boxes for testing, &Cy being placed at intervals of 400 or 
500 yards to contain all the joints of the core. The commonest 
form of joint box in use in England is 2 feet 6 inches long, 1 foot 
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deep, und 1 1 inches wide ; the pipes projed tt Tory short distanaBi 
into thp joint boxes. Boxes are placed tit least every 200 yardti 
a box is placed every 400 yards to enclose the wire joints, and 
when the route ia curved additional boxes are naed as aBcetaaxj 
for drawing in the wires. In all cases tlie wires ehould m 
numbered or lettered at each draw box or post, and the draw 
boxes or posts Blioiild be numbered. Closed Bystems of pipes 
may be placed 3 or 4 feet deep with advantage, but need not bo 
laid so deep. The covered wires used for subterranean liaes am 
joined in the manner jiroper to the kind of core iiaed ; lead- 
coated covered wire ia firstly joined in the usual manner, and 
the lead coatings joined by very fusible solder, or covered with 
sheet lead, and the joints varnished to seal them. The wir 
used are BometimeB stranded, but single wire is generally ueed- 
it serves the purpose, and Rhould be preferred as a rule; thS' 
joints used for the conductor are the twisted joint, and solder 
used invariably. The use of cement and asplinltic 
underground wirea has been already referred to (Parai 
covered wires in wooden tubes, surrounded by nsphal 
form probably the best lines after the systems with 
and under some circtimatanoes may bo employed. When test 
boxes are used, as the wires arc exposed to the air it is no advan- 
tage to close the joints of tlie tubes hermetically, but lead should 
be pi-efen-ed to tarred yarn for joints in iron pipes, as caulking 
of yarn may decay, and the earth may be washed into the tubes. 
Probably stoneware offers advantages over cast iron as a material 
for pipes, being indestructible and having a smooth inner surface; 
it might also be fashioned into test boxes, a mere lid to the pipe 
being sufficient. The common pottery ware of Tndia, thick and 
well burnt, if laid in asphaltic or cement mortar, would form a 
very cheap and durable receptacle for subterranean wires. Clay 
puddle might be substituted for the mortar if desirable to reduce 
the firet cost. The use of naked wires in asidialtic mortar, and 
of calcareous cement as an envelope for wires, is referred to in 
Paragraph 277. Buried wires are much more expensive to lay 
than overground lines are to erect, hence the latter ahonid be 
preferred when admissible. If sewers, tunnels, or other suitable 
underground ways arc available, town lines should be laid in 
them, as cheap, open to inspection, and safe. When only very 
few wires are required in places where the soil is not liable tc 
disturbance, and does not contain corrosive subKtances, aimple 
lead-coated wire may be used placed 3 or 4 feet deep. Tinder- 
ground wires are iised almost exclusively in towns, hence they 
usually terminate in offices, and ate seldom joined directly to 
overhead lines ; they are protected by lightning dischargers, as 
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usual with all lines in offices. When, however, it is necessary 
to join overhead and underground wires, this should be done in 
a hollow column bearing the overhead wires in a draw box or 
other receptacle, and a lightning protector should be interposed. 
Underground lines are not liable to electrical disturbances to 
the same extent as overground lines, but if connected with over- 
ground lines they are exposed to injury during thunderstorms, 
and hence should be protected. In laying subterranean tubes to 
contain wires the bottom of the trench should be levelled and so 
consolidated, if necessary, that there may be no risk of it sinking 
unequally, by which the pipes might be bent or broken and the 
joints forced open. 

415. In towns having several offices, one office only should 
correspond directly with foreign and provincial offices; this 
office should be as central as practicable, and the town lines 
should form a purely local system, communicating with other 
towns through the central office only. The local lines in this 
case being so short, are readily inspected and repaired, are not 
required to be so perfect electrically, and hence it happens that 
an economy may be practised on such lines which would be 
absolutely inadmissible on long lines. 

416. The construction of masts is treated in Part II., chap- 
ter i., section 1, division 2, and Chapter II., section i, division 2. 
When of wood, care should be taken to seek native timber 
rather than import foreign ; if iron masts are to be used, care 
should be taken before adopting any peculiar pattern put forward 
as possessing special mechanical excellence, to examine it by the 
light of the mechanical principles involved in the correct forms 
of beams, and an ordinary post of the proposed pattern should, 
if practicable, be tested for transverse strength. The various 
means of protecting wooden structures from the attacks of 
insects and decay, as coating the base with metal, tariing, 
painting, &c., should be considered and suitable measures 
adopted; by such means, when heavy first cost has to be 
avoided, wood may be used instead of iron. 

417. In most cases rivers are crossed with strong cable, par- 
ticularly when the bed of the river is likely to scour. Pieces of 
old cable should always be regarded with suspicion, and only 
employed after careful examination ; the fact of former failure 
must be regarded in considering the suitability of the cable for 
its new situation — e.g*, a cable which has been broken through 
being too weak to resist a rapid current, may be quite strong 
enough for another stream having a soft bottom and slow current. 
Cables on rivers often have to be laid in a very primitive manner, 
being merely payed out by hand; although a little cable is thu& 
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reserve of tools, particularly felling and jungle-cutting tools, 
should be provided ; the patterns of these should be, as far as 
practicable, such as may be readily repaired locally if broken, 
and as simple and few in number as consistent with good and 
rapid execution of the work. Skilled mechanics require many 
and delicate tools, but the majority of men employed in telegraph 
construction are not highly skilled, hence the tools should as a 
rule be such as will resist the effects of rather rough usage. 
The patterns of the country, when peculiar, should be adopted 
if practicable ; tools used by weak differ from those used by 
more stalwart races of men, and this should be considered — e.g.^ 
the native of India has not as a rule sufficient strength to wield 
effectively the broad axes used by Europeans; the native axe is 
narrow and stronger at the edge, it does less work at a stroke, 
but a native will generally do much more work with it than he 
could do with the European instrument in the same time, his 
first attempts to use the latter often result in its edge being 
either turned or badly chipped. 

419. The expense of constructing a line will depend greatly on 
the degree in which local labour and resources are employed by 
the engineer, and the efficiency of organisation of labour and 
supervision. Each supervisor of labour should have as many 
labourers under him as he can efficiently supervise, and the 
engineer in charge of the whole work should in turn have as 
many working parties at work as he can profitably employ, thus 
diminishing as far as possible the cost of supervision. If shelter 
for the men can be obtained along the route tents may be 
dispensed with, but then each move forward should be made to 
a village or town affording shelter — this applies to countries less 
covered with communications, and as a rule of larger extent than 
England. In a country like India there is less time lost when 
the men live under canvas than when they lodge in villages. 
The most reliable materials of construction are usually also the 
most economical ; if it be desired to reduce the first cost of a line, 
this end should not be attained by using inferior qualities of 
wire, insulators, brackets, &c., such saving would be more than 
counterbalanced by greater cost of maintenance, and commercial 
depreciation consequent on uncertainty of communication; the 
saving should be effected by using stones for anchors, making 
stays and ties of spare wire, omitting the clips, straining screws, 
cross feet or earth plates, stretching insulators, extra strong angle 
posts, &c. ; when practicable, by using wood rather than iron for 
poles when on calculations, as already explained, its use is admis- 
sible, and generally by sacrificing appearance and convenience^ 
while maintaining the highest degree of ^Ti&»XL«tkSK^ «^X»i3!fi^^^% 
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five headings — viz., materials or stores to be used, the carriage 
of these to the dep6ts along the route selected for the line, their 
distribution from the depots, the work of construction, and the 
superintendence, including the supervision, designing of the work, 
«SuC. If the work under any one of the above headings is to be 
done by contract, then an extract from the general specification 
is used as a basis for the contract, with the addition of stipula- 
tions limiting the time to be allowed for performance of the con- 
tract, and the rates to be paid. When an expensive work, as an 
underground line, a cable, or a long span on tall masts, occura 
on a line, these should be specified and estimated for separately, 
their cost being entered in the abstract statement of the cost of 
the whole line. In specifying stores to be used they should be 
carefully described thus — the kinds of posts to be used, their 
heights, the brackets, ties, straining screws, collars, insulators, 
gauges of wires, kind of joint to be used for wire, &c. ; for under- 
ground wires, the kind of covered wire, the pipes, test and draw 
boxes, lightning dischargers, <bc. ; for cables, description of cable 
to be used, junction houses, lightning protectors, junction with 
land line, &c.; for long spans, kind of masts, their heights, 
number of stays, distances of anchors from masts, distance of 
terminal posts and junctions with land line, &c. The tests of 
mechanical and electrical efiiciency which the several articles 
ought to stand should be stated, particularly in a specification 
to form the basis of a contract with a manufjeu^turer or merchant 
— e. gr., wooden posts should have a minimum diameter stated for 
each end, for iron posts a minimum transverse strength and stiff- 
ness should be stipulated for ; this may be measured by a hori- 
zontal force applied to the post 16 feet from the ground. The 
wire should be tested for tensile strength and ductility, and its 
galvanising may be tested by immersion in sulphate of copper 
solution; insulators may be tested by steady strain, and by a 
Hhock j brackets of cast iron and malleable cast iron may be tried 
with a hammer, <kc. The working load to be permitted on wire, 
posts, and insulators should be always stated, for the information 
of the officer entrusted with the execution of the work. Excel- 
lence of quality in materials may be ensured by specifying the 
kind of raw material to be employed, and placing restrictions 
on the mode of manufacture ; thus, charcoal iron, malleable cast 
iron, steel, best qualities of copper, silver solder, fine quality 
I)orcelain, &c, may be prescribed. It may be stipulated that 
wire be drawn through a minimum number of holes, that it be 
not welded in process of manufacture, and be in lengths of a 
minimum weight; that covered wire have a minimum number of 
layers of the insulating material ; that insulators be moulded by 
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may be required to furnish an estimate of the cost of transport 
or distribution; and the labour may bo estimated for by the 
engineer to be entrusted with the work — an abstract of the 
several partial estimates exhibits the total cost of the line. It 
fi-equently happens in large companies and government depart- 
meuts, that one officer purchases material and is entrusted with 
its custody, while another designs and executes the work of con- 
struction; in such cases it is obvious estimates are properly 
framed in two parts — one part relating only to the cost of the 
stores being framed by the officer who has charge of the stores, 
the other part being framed by the officer entrusted with the 
execution of the work. In this case the latter part is framed 
first, and on the data supplied therein the other part is framed, 
and its total amount is entered as a separate item in an abstract. 
The cost of stores is fixed by the manufacturers' rates, and may 
be known exactly; but the cost of carriage, labour, and superin- 
tendence will depend in a great measure on the industry, know- 
ledge, and judgment displayed by those entrusted with the exe- 
cution of the work. Therefore, to afford a check on the execution 
of the work, the cost of the stores should form a distinct part of 
the estimate, which part may be used as a check on the manu- 
facturer. 

424. Under the heading of stores or materials, including tools, 
should be entered the designation and weight of each article, the 
price being entered as explained above, the number of articles of 
each kind per mile, the total number required, and their total 
weight. Such articles as tools are not always calculated on the 
mileage, but frequently according to the number of working partiee 
or men to be emj>loyed during the same time. Special articles, 
as terminal posts, testing balls, surveying instruments, &c., are 
merely entered with remarks, or the specification may be referred 
to; paint, tar, 4&c, are calculated on the 100 square feet of surface, 
or more conveniently when for poles by the quantity required for 
each pole. When timber poles are used the number of cubic feet 
in each pole may be shewn. A small excess is allowed over the 
calculated quantities to allow for unforeseen requirements, break- 
age, and to form a reserve for repair& The percentage allowed in 
excess of calculated requirements should be shewn in the estimate 
in each case; it will evidently vary according to the nature of the 
material and the circumstances of the particular case — e. g,, a 
large percentage of insulators may be allowed, but a smaller 
percentage of poles; if the number of poles and length of the line 
be known exactly, the excess may be less than if the line be only- 
measured approximately, as when a road or railway mileage is 
made the baus of the estimate for the telegraph line. -In towna 
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the telegraph route should be marked out on a plan before ttnay- 
ing the eatimttte, and rivers should be surveyed befoi'e esUniaCiiif 
for cables or long air apana. Ordinarily 5 per oent. of insulatoiv 
may be safely allowed in exceas, but 2i per cent, of wire and », 
Htill smaller percentage of poleu will generally be found sufficienii 
Some urticles, aa fuel for making joints, are usually purchased tt> 
required : sUjrea to be so purchased should appear in the estimat*' 
under a i^eparate heading. Some articles, as angle-pole ties, CMi 
only bo estimated for approximately, unless the line haa becft 
actually marked out before framing the estimate; such shoolA 
be taken at an average per mile — e.g., two angles per mile may bs 
considered an average on a road line on level country when tba 
road winds but slightly, and the line may be placed on adjacent 

425. In estimating ti^nsport of materials, water carriage >•. 
generally the cheapest, railway cheaper than road, and wlieeledi 
carriage ou roada cheaper than auimal carriage; eurriage by meU 
is very costly, the labour is difficult to obtain in sutEcient quBit> 
tity, and its employment necessitates costly siiperintendenMU 
it should bo therefore avoided as much as possible. Railniy" 
carriage IM thi; rjuickest, and in some Citscs may be therefore 
preferred; bullocks are slower tlinn horses, but in many countries 
their labour is cheaper, because they are more hardy, cheaper to 
purchase and to feed, and they require less attendance. Carriage 
by elepliants and camels is exceptional ; the former is always 
more e."cpensive than bullock carriage, the latter is adapted to 
peculiar conditions only. The several means of transport adopted 
should be diatinguislied in the estimate, the total mileage, the 
total weight carried, and by land tlie rate per ton per mile 
should be shewn. In the case of carriage by sea, the termini, 
the rate per ton, the total weight carried, and the total cost of 
carriage should be shewn. When carriage by men or animals ia 
employed it is convenient to adopt a smaller unit than the ton, 
in this case the rate per hundredweight or per tliousand pounds 
per mile may be shewn. In the estimate of transport must be 
shewn the terminal charges^ — i. e., such as loading and unloading 
waggons or ships, cai-tage to railway stations or docks, stacking 
the stores, &c. ; tliese may be conveniently entered at a certain 
percentage on the freight Packing charges when necessary 
should also be estimated. The cost of distributing stores may he 
estimated separately for each section from depfit to depot; the 
number of miles to be travelled in diatiibuting may be calculated 
by the formula for the sum of an arithmetical progression; as 
the waggons or other means of transport must return to the 
depot em])ty, this must he considered in the calculation. Some- 
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times a lower rate of hire is paid for returning empty, but 
generally this has to be paid for at the full rate, as the carriage 
is hired by the time employed. 

426. The i*ate of distribution as cost of carnage is conveniently 
shewn by stating the cost of carrying one ton one mile. The 
calculation is sufficiently accurate if the shortest distance from 
the depot ti*a veiled by a loaded vehicle or animal be taken as 
the first term, and the longest distance travelled as the last 
term, the number of terms is the number of loads distributed 
from the dep6t ; the sum of the ])rogression multiplied by the 
weight carried as a load expressed in terms of a ton, represents 
the number of tons which must be carried one mile, to equal 
the work of distribution. The rate per ton-mile is the sum of 
the cost of carrying a ton one mile, and the fi'actional cost 
allowed for the means of transport returning empty; and the 
total cost of the distribution is the cost of carriage per ton-mile, 
multiplied by the total number of ton-miles. As in the case of 
carriage, a smaller unit of weight than the ton may be adopted 
if desirable. From the above it will be seen that the calcula- 
tion is based on a load, although the stores are deposited along 
the route in smaller quantities it is not necessary to consider 
less than a load in calculating the cost of distribution. When 
the means of transport is paid for by the day, the return journey 
being paid for at full rate, the cost per ton-mile is obtained by 
multiplying the cost of carriage of a ton one mile by two. Dis- 
tribution is therefore shewn in the estimate by stating the names 
of the depots, the distances between them, the means of transport 
adopted in each case, and the work of distribution expressed in 
tons carried one mile. The cost of carriage is shewn in the cost 
of conveying one ton one mile including return journeys, for each 
mode of transport employed; the total cost is shewn for each 
section between two depots, and the sum of the costs of distribu- 
tion over the several sections is the total cost of distribution. 
In an estimate for a single cable or river crossing, the heading 
distrilmtian is of course omitted. 

427. The Labour statement should state the quantities of each 
kind of work to be done, the quantity which each man can do in 
one day, the rate of wages per day per man for each description 
of labour, the total number of days' work of one man necessary to 
complete each description of work, the total cost of the labour in 
each case, and finally the total cost of the whole labour of all 
kinds required to construct the line. Earthwork may be esti- 
mated for by the cubic yard when the work to be done is digging 
a trench for tubes or the shore end of a cable, or forming an 
embankment for a junction house; but post holes are better 
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tained if not known. Carpenters and smiths requii*ed to repair 
tools, men required to clear jungle, and all other kinds of labour 
required, should be distinguished from each other in each case ; 
and as a rule the quantity of work a man can perform in a day, 
the total to be done, and the total number of men required to do 
it, should be shewn. When the work cannot be expressed in this 
manner, as in clearing jungle, it is estimated for by the average 
number of men requii*ed to do it per mile of line. Tlie number 
of workmen required for each kind of work having been shewn as 
described, an estimate of the cost of the necessary labour is merely 
a statement of the number of days' work to be done by each 
description of workman, as, carpenter, smith, labourer, <kc. ; the 
rates of wages per day, the total cost for each description of labour, 
and the total for the whole work. The average cost of labour 
per mile of line is also often stated. In order to estimate closely 
the cost of labour for a given work, experience is necessary both 
of the work and the particular class and nationality of workmen 
to be employed. Each administration and individual engineer 
has a different mode of executing the work, while the mateiials 
and tools differ widely in form, weight, and mode of application ; 
thus, only very general instructions can be conveyed under this 
head, and it is only desired to convey a general idea of a system 
which has been found to work well in India. 

428. The heading Superintendence needs but little explanation, 
it should include the wages and travelling expenses of all persons 
employed to direct and supervise the labour of others ; but it is 
manifest that men employed to supervise gangs should them- 
selves work, so far as consistent with efficiently supervising the 
men for whose work they are responsible. 

429. Other headings than the above are added, or some of 
those given are omitted, according to requirements ; the labour 
of masons, bricklayei*s, carpenters, and other skilled mechanics, 
when employed on considerable quantities, may be estimated for 
under a separate heading, but as a rule are entered under the 
heading of labour. The heading Miscellaneous may be used to 
include charges not included under other headings, such as pur- 
chases of petty stores, wages of temporary clerks, &c. 

430. After estimating as closely as the data will permit, a 
common practice is to add a percentage on the total amount so 
obtained to provide against unforeseen contingencies : 5 per cent, 
may be considered sufficient to allow on the cost of labour, 
transport, distribution, &c; but as extra stores and tools are 
provided in the estimate, 1 per cent, to 2^ per cent, is sufficient 
to allow for unforeseen requirements under this heading. When 
estimating labour, the distance over which the tools have to be 
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Section III. — Construction of Land Lvies. 

433. Before a line can be marked on the ground its mechanical 
details must be decided, as the dip of the wire, its minimum 
height above the earth, the heights of the posts, their transverse 
strength, the load on the wire, the number of posts per mile, the 
maximum and minimum distances from the road or railway, the 
maximum angle admissible, &c. One or two catenary curves cut 
in sheet metal or card should be provided, being calculated in 
accordance with the factor of safety and modulus of tenacity of 
the wire to be used. The operation of marking out the line is 
best performed by the engineer marking the sites for the angle 
pole and those poles the sites of which are fixed by the nature of 
the ground, river masts, and the terminals of cables; the sites 
of intermediate poles are marked by an assistant, the engineer 
making any alteration requisite; alteration is seldom necessary 
if the first operation has been well performed. To facilitate the 
work of the assistant, when two angle poles occur far apart the 
engineer should mark the site of one intermediate pole in addi- 
tion to the angle poles; the assistant is not usually furnished 
with surveying instruments, exceptitig a tape or chain. In 
towns, particularly for underground lines, the whole work must 
be marked out by the engineer, at least on paper — ^this cannot be 
entrusted to an assistant. In crossing bridges, before any work 
is done the engineer in charge of the bridge should be consulted, 
especially if the ironwork or masonry of the bridge is to be 
interfered with. In towns care must be taken to ascertain 
the positions of gas and water pipes, sewers, &c. The principal 
faults to be avoided are — placing poles on low ground when the 
ground rises between them, so that the line is brought too near 
the ground, and placing poles on ground so much lower than 
that on each side that with the ordinary dip the low pole is 
superfluous. Taller poles than ordinary are frequently neces- 
sary near obstacles, as huts and walls, to keep the line clear. A 
pole is necessary on each side of a road or raUway when the line 
crosses either of these, but the sites of these poles being fixed, 
the intervals must be so divided as to approximate to the stan- 
dard spacing and distribute the poles as regularly as possible. 
When seveial angles occur near each other care should be taken 
to make them equal, or as nearly so as practicable. The number 
of angles in the line should be kept as small as possible without 
in any case exceeding the maximum angle admissible, hence very 
slight angles do not as a rule appear in a line well marked 
out, excepting when the alignment is fixed^ 8& ^vdl ^c^^^:«h^7^ 
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curves and in street linps. WLen huts, walls, and otW 
ubstiicica occur in the uHgumont marked (as is common »t 
i-a,ilway stations), wliich may render high poles or other eipen- 
aive measures neceasaiy nnd interfere with rapid inspectiont, 
tlie ground Bhonld be examined to ascertain if the alignrooirt 
can be chitngcd to avoid the obatrnction ; if it cannot, n long 
pole close to tlie obstruction, or a short one on it, is nooeaiMTj, 
and the spacing on each aide must be altered accordingly. Th» 
greatest deviation from the standard distance, excepting nt read 
crossings, is half a distance, and this is sufficiently divided wtua 
distributed over four spaoes — e. g., if circumsttuices render tC 
neceasaiy to plaoe a polo at a point half tho Ktandard dist&Mt 
from the ait« selected for another polo, instead of placing two 
poles half a distance apart, and the poles on «ach side of tbme 
the correct s^ndard distance, the sites already pelected shooid 
be altured, and the half distance etiually distributed over four 
distauces, either by moving four poles forward, thus absorhioj 
the hnlf clistaaco and saving a pole, or by moving four polca 
Imckwnrd, placing them nearer together and using an extra pair, 
in the first case four distjintes would be incrensod each to iiinr- 
eighths, in the latter four distances would be decreased each to 
seven-eighths of the standard distance. The sites for the angles 
i\nd fixed sites being marked, the sites for intermediate poles are 
marked, the angle pegs being afterwards moved if practicable to 
make the spacing correct. The engineer only marks the angles 
and fixeil posts, the intermediate grouu<) is me^asured and pegs 
or staves put in by assistants, the wliole is examined, the posi- 
tion of every pole and differences of lovel being scrutinised by 
the engineer, who puts in pegs for anchors and alters the posi- 
tions of pegs where necessary. At angles the common i>lane of 
the tie and pole should bisect the angle; the site for the anchor 
))ole is best marked with the compaBg, 
c it may, however, be marked with a 

1 string. The string is prepared as 
in fig. 80; it has knots at A, B, C, 
and D; AB and AC are equal to 
each other, and likewise CD and 
BD, AE is a piece of string tied to 
the knot at A; if A be placed against 
the pole peg, A C and A B be 
stretched in the alignment on each 
side, and if D be drawn so that CD, 
; DB be tight, then AD marks the 

direction of the anchor; AE is drawn 
Fig. 80. \,\^\it\^ awl brought over D, and a 
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knot on E marks the centre of the anchor pit. Terminal poles 
when also angle poles usually have two ties, one on the opposite 
side to each line; but when the angle made by the lines is very 
obtuse these ties are insufficient; a tie in the line bisecting the 
angle must be used with or without the other two, as in practice 
the two ties described are found insufficient to keep the post 
perpendicular. At slight angles, if the ground be good ties are 
not necessary ; but unless the ground be firm, even poles at very 
slight angles are drawn out of the perpendicular, and this gives 
the structure an unsightly appearance. By some engineers 
angle poles are not tied unless the force to which they are 
subjected surpasses their working load, but although there is a 
saving in first cost this is sometimes more than counterbalanced 
by the necessity for occasionally putting the poles again vertical, 
or the line becomes unsightly ; it is as a rule better to tie every 
angle even on railway curves. When it is not possible to tie a 
pole from want of space, coupled or A poles may be used; but 
coupled poles are much more expensive than tied poles, and 
should therefore only be used when unavoidable. The pegs for 
coupled poles should be put in carefully, in order that the plane 
passing through the axis of the poles may bisect the angle made 
by the line. In pegging out a line the placing of the pegs must 
depend on the mode of construction to be adopted; if holes are to bo 
bored and the poles put in without cross feet or earth plates, then 
a single peg may be placed for each pole, excepting at the angles, 
where two or more may be used. The holes for the intermediate 
posts are then all bored on the same side of each peg and in the 
alignment, or on the sites of the pegs; at the angles they are bored 
between the two or more pegs used, and the anchor hole is bored 
on one side of the anchor peg in the continuation of the line 
bisecting the angle. If the poles have earth plates or cross feet 
the holes have to be larger, and in long straight lines there is great 
difficulty in keeping to the alignment if the eye alone be trusted 
to ; in this case a good plan is the following : — ^After the single 
peg marking the position of each pole has been put in, apply a 
gauge, shewn in fig. 81 AB to the peg at 
C, and put in a peg on each side through 
the holes A and B in the gauge, the gauge 
and centre peg is removed, and after the 
hole (shewn in the figure by the dotted 
line) has been dug, the gauge is i^ain 
applied to the pegs A and B across Fig. 81. 

the hole, the pole is then placed in the 

semi-circular notch of the gauge, as shewn in the figure C. The 
gauge may be made of a piece of board, or of stout ^vc^VMso^t^f^ 
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a tall pole by reason of buildings or other obstructions occupy- 
ing tbe ground. On inclined ground no attempt should be made to 
place the tops of the posts on the same level by the use of posts 
of unequal heights, this is expensive, unnecessary, and the use of 
poles the same length distributes the load most equally. On a regu- 
lar incline the poles cannot be separated beyond the normal dis- 
tance, as when abrupt differences occur in the levels of the ground ; 
for if the poles were so placed that the wire in each span formed 
half a catenary, the bulging of that half below the line joining 
the points of suspension in a direction at right angles to that 
line, would be greater than the normal dip on horizontal ground, 
and hence the wire would be nearer the soil than the minimum 
distance ; in these cases a curve, either in metal or card-board, 
drawn to rather a large scale, should be applied to a drawing of 
the ground, and the marking out done so as to place the poles at 
the maximum distance apart consistent with the minimum dis- 
tance between the wire and the earth being maintained. In 
towns the lines are either taken underground in tubes or 
overground; in the former case the tubes usually follow the 
lines of the streets, and it is necessary to fix on positions for 
draw-boxes so that the wires may be got round corners without 
difficulty ; in the latter case sometimes great difficulties are ex- 
perienced. When the houses are of unequal heights and are many 
of them deficient in strength, as in Indian towns, the line has to 
be constructed on poles mostly of considerable height ; the line 
should follow the lines of the streets that it may be readily 
inspected, but it should nowhere obstruct traffic. Overground 
town lines, when the buildings admit of it, are most economically 
constructed on the roofs of buildings ; such lines have the advan- 
tages of not occupying the thorougk&res, being much shorter and 
less liable to accident than street lines, but they are more diffi- 
cult to inspect. Such lines are best laid down provisionally on a 
plan of the town, then the marking out is done on inspection of 
the several points chosen for supports. When poles are erected 
on roofs they are usually shorter than those erected on the ground ; 
they should be placed over a beam, a socket being first fixed to 
receive the pole, and the spot chosen should allow of the neces- 
sary stays having sufficient spread and proper points of attachment. 
The insulators may be supported on iron brackets bolted or let 
into walls or chimney stacks, unless the wires be very numerous ; in 
London there are many poles erected on houses, in Paris brackets 
are fastened to the masonry — the latter system is more economica 
and safer when the lines are few. For town lines a system of 
squares or triangles is usually adopted when the lines are taken 
over the houses, such a system can only in ^art b^ ^dsi^v^'v^ 
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the section should inclnde the terminal poles or junctions of the 
span or cable with the land line. A trial line should be ranged 
by whites, staves, or pegs, and this line levelled if necessary; 
a second trial line is taken, and the process repeated, until a 
suitable line is foiind ; in all cases before taking levels, lines are 
ranged on the ground; and if these are to be marked on the 
plan, then their positions relative to surrounding objects, par- 
ticularly to the sites chosen for masts or other structures, must 
be measured for placing on the plan. The last post of the line, 
or the junction post, or a peg marking its site, furnishes the best 
datum point to which levels may be referred, and several bench 
marks are necessary when taking soundings. A river may be 
examined as follows : — The engineer is rowed across several times 
between different points, taking soundings to obtain a general 
idea of the nature of the bottom and the depth. If these be 
found suitable — that is, the bottom has no abrupt differences of 
level or rocks likely to cause injury to the cable — then a set of 
soundings may be taken for entry on the plan, and 
to mark the line in which the cable should be laid. ^ 
A graduated post or staff should be erected in the 
water near the beach, its level should be taken, 
and the variations of level of the water should be 
observed on the staff while the soundings are being 
taken ; at a signal from the boat the level of the 
water can be read off as each sounding is taken. 
Two poles should be ranged on shore in the line 
in which it is desired to take soundings, as AB, 
fig. 82, and a third pole C is placed at a measured 
distance Arom B; the surveyor then proceeds across 
the stream, keeping in the line ABE, and at the 
moment of sounding he takes the angle between B and C, as 
BIC ; this angle, the angle CBE, and the length of the side BG, 
being known, the distance Bl may be calculated, and the position 
of each point sounded determined ; the tide gauge being read at the 
same instant by the man on shore, the data required to draw a 
section of the stream in the direction AE may be obtained, or 
the depth at each point may be marked on the plan. The 
readiest mode of plotting the soundings is to draw a line FD 
through parallel to AE, and set off at angles equal to those 
measured; the points in which the lines IC, 2C, &c., cut AE 
represent the points at which soundings were taken; for the 
angle AlC is equal to the angle DOl, &c. The position of 
should be so chosen that the least angle measured may exceed 
30^. Both in the preliminary survey and in marking out the 
line, damage to property should be as fiu: as possible «:s^\.\^^\ 




Fig. 82. 
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selected, as the cost of distribution is thus cheapened and is 
more under control ; the ultimate distribution on each section 
sliould not be equally from the two depots at its extremities, 
although this would be the cheapest mode ; it is found more 
economical in practice to distribute rather more from the depot 
from which the construction proceeds, as otherwise stores may 
be overcarried ; in India not more than two-thirds are distributed 
forward, one-third is distributed backward ; the inequality may 
be much less with advantage if requirements have been closely 
calculated. On railways, stores are distributed by special 
ti*ain, stopping regularly at short intervals; or are deposited 
at each station. When carts or animal carriage must bo used 
along the whole line, and the stores must be distributed from 
each end, the small stores only should be conveyed to depots on 
the line, and the poles, insulator cases, and heavy stores generally 
should be distributed directly from the ends of the line. It is a 
great advantage if the line can be marked out before the dis- 
tribution is commenced ; this course leaves the engineer free to 
superintend the execution of the work more minutely, and the 
distribution can be better done. The work of distribution in 
large towns and in countries covered by a close network of 
railways, roads, and canals, is a very simple matter. In laying 
pipes for underground wires in towns the stores must be distri- 
buted as required. In distributing generally care must be taken 
to place the stores out of the way of traffic on the track, road, rail- 
way, or towing path, as the case may be. Carts and bullocks in 
India are preferably hired, but if required for regular employ- 
ment for several months, it is more economical to purchase them 
and sell when done with. In using canoes and lightly-built 
boats such as those used in India, the cargo should be well 
distributed, and not a full one, as such boats are iinsuited to 
other than distributed cargo, as grain, salt, &c. In employing a 
large number of rough carts, consider the load admissible on each 
wheel and axle; do not exceed this, and if the supply of carts is 
deficient carry extra wheels in case of accident. Men handling 
stores in large quantities, as in stacking, loading waggons, &c, 
should be furnished with leather palms to save their hands, rope 
slings, and other simple appliances to facilitate their work, as 
labour is thereby saved, and the stores are less liable to be 
roughly used. 

435. The work of construction is usually best performed by 
small independent gangs of men ; if the men work in large bodies 
they do less in proportion to the number employed; even in 
clearing jungle, when a large number of men have to be employed 
at the same time, they should be separated into gangs, and the 
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should be preferred. Plinths are built of rough coursed masonr}-, 
the blocks being merely quarry-faced ; cairns are simply heaps of 
stones with wet earth or clay instead of mortar. In India they 
are built in four courses; they are 6 feet diameter at base, 3 feet 
at top, conical in shape, and 3 feet high ; the pole is inserted 8 
inches in the solid ground below, and the whole is covered witli 
earth and sown with grass. Whenever suitable stones can be pro- 
cured cairns should be built as described for nibble masonry; when 
cairns or masonry plinths are employed, the pole should always 
be placed a short distance in the solid ground, and temporary 
stays of cheap rope should be applied until the work has set. 

437. After the holes have been dug a gang of men erects the 
poles. The number of men it is most economical to employ in 
this gang depends on the weight of the poles, the size of the 
holes, the strength of the men, the capacity of the man direct- 
ing each gang, and the mode of erecting the poles, as in some 
cases shears or a gyn is used. The number of men in one 
gang ordinarily employed to erect poles in India is ten or twelve ; 
this number is sometimes increased to twenty or even more. 
The erection of short poles on houses admits of the emplo3rment 
of only two or three men at eich pole, and the work often re- 
quires considerable mechanical skill. The insertion of brackets 
in walls can employ profitably only the skilled mechanic and ono 
or two labourers ; the erection of masonry or brick plinths em- 
ploys only the mason or bricklayer, and a sufficient number ot 
labourers and stone-cutters to lift and cut the stone and bring 
and prepare the materials. In India ordinary lines of poles out- 
side towns are seldom erected by gangs smaller than twelve men 
each, and these are divided as far as possible into smaller parties 
by the inspector directing them ; some of the men go in advance 
and lift the poles into the holes ; if the holes are small, so that 
the pole can be placed at once correctly in the alignment, two 
men are sufficient to fill in and ram the holes; if the hole be 
large, the pole is put correctly in the alignment by a second 
party directed by the foreman directing the gang; when cor- 
rectly placed, the hole is about half filled in and left to be com- 
pletely filled and rammed by small parties of two men each which 
follow. In dividing the men they should not be so spread as to 
be beyond supervision. K a gauge be used, the seoond stage of 
the process is greatly facilitated ; it is performed by measuring, 
instead of by placing the pole in the alignment by the eye alone. 
When only three or four intermediate i»oles occur between two 
angle posts they may be placed correctly by the eye, but on lon^ 
straight lines, if laige holes be dug the gauge should be used ; 
with narrow holes or bored holes, but sl^htiy larger than iuat 
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proper direction for the bracket, but at intermediate posts the 
proper direction may be found by one of the methods used for 
offsets. A very convenient mode is to have an endless string 
with three pins attached at intervals, such that jsehen pegged 
down with the string tight it forms a right-angled triangle ; by 
placing one of the sides containing the right angle in the align- 
ment, the other marks a line at right angles to it. Lightning 
spikes, insulators, and other fittings, if distributed with the poles, 
should be erected with them, as a general rule, being fitted on 
the ground before raising the posts; but these should not be 
taken from the packing cases until actually required. The earth 
filled in round poles placed in large holes should be rammed in 
thin layers, the surplus soil being placed round the polo to allow 
for sinking. On inclined ground the earth should not be heaped 
high above the place of insertion of the pole, but it should be 
heaped and well rammed below the pole, as poles on inclines 
have a tendency to lean over towards the normal to the inclined 
surface. To prevent the earth round the pole being washed 
away instead of sinking, it may be covered with sods. When 
poles are erected on embankments the turfing of the bank round 
the poles should be replaced to avoid injury to the bank. Poles 
placed on the edges of roads should have short posts erected to 
protect them from being struck by wheels of passing vehicles, 
and the tie rods should be similarly protected where they enter 
the ground. Great attention should be given to the foundations 
of masonry or brickwork pillars or plinths ; pillars should taper 
upwards, and have well-spread footings. Tall poles are used on 
each side of railway crossings ; the wire is stopped on each side 
of the crossing, but it should not be stopped on the tall pole; 
hence a terminal pole is necessary on each side of the crossing. 

438. Wire is payed out, if thin, from a drum or reel of wood 
or galvanised iron; one cheek or disc of the reel being removable, 
is removed, the coil of wire is placed on the core, and the cheek 
bolted on again ; the reel is mounted on an axle, fixed either in 
a light frame which can be carried in the hand or hung by 
hooks on any conveniently shaped object. The reel is frequently 
mounted on a light handbarrow or stretcher; a convenient form 
for the reel when so mounted is that of a frustrum of a cone, the 
axis is in this case placed vertical. For thin wires and for the 
stranded wires used for town lines and river crossings the reel is 
indispensable; for thick wire similar reels of suitable size are 
used, they are either carried by the axle by two men or rolled 
along the ground by one man, the latter mode is probably the 
most convenient and economical. For thick wire the reel may 
be dispensed with and the coil of wire opened by rolling it alon^^ 
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300 yards apart, the dip being assumed to be as the square 
of the span, it will be nine times the standard dip ; its amount 
and consequently the strain on the wire may be readily judged by 
the eye by regarding the distance of the wire above the ground, 
the height of the poles and standard dip being known. After the 
wire has been strained it is lifted and placed on the intermediate 
insulators. After the wire is joined it is sometimes kiUed by being 
loaded suddenly, the object of this is to take the spring out of 
it ; at oth^ times the wire is loaded to its proof tension, kept so 
for a few minutes, and then slacked to the working tension. If the 
wire is new, soft, and properly payed out, killing is not necessary; 
there is manifest advantage in exceeding the working tension 
for a short time when straining the wire, as it tests the wire and 
joints, but it is not necessary to strain to the proof strain nor to 
keep the wire long strained. If the wire be hard, or if it be old 
wire and consequently bent, it is necessary to either kill it or 
strain it to almost its proof strain ; for if this be not done much 
inconvenience may be caused by the dip increasing considerably 
after the line has been completed. Lines over populous towns 
cannot always be strained to their proof strain for fear of 
accident to passengers; with stranded wire this can be dispensed 
with, as the wire is more flexible. When a river has to be 
crossed, if there be little or no current, the wire may be placed 
on one of the masts, then payed out from a boat to the opposite 
mast, landed and payed out very slack to the terminal, it sliould 
then be placed on the second mast, and tightened by tackle 
attached to the base of the terminal pole. If the wire does not 
rise readily from the water, a boat must be passed under it to 
lift it from the mud or weeds. If there be a strong current in 
the river the wire may be crossed before placing it on the mast ; 
it should be payed loosely from the boat, and more than one 
boat should be employed ; when the end of the wire has been 
landed, one or more boats may be passed backwards and forwards 
under the wire after it has been placed on one or both masts to 
lift it from the bed of the river. Another mode is to anchor 
several boats in the stream, and lay the wire on the boats 
instead of letting it sink in one length. The most satisfSswitory 
mode of regulating the tension on the wire is the use of a 
dynamometer, and this should be used invariably on long spans 
where the minimum dip is allowed. In Prussia the tension on 
long spans is maintained constant by the following contrivance : 
The end of the span wire is wedged in a clip, the clip is attached 
to a short chain the other end of which has a weight attached, 
the diain is passed over a pulley attached by a short movable 
arm to the ixtsulator on the mast, the span wire is thus kei^ 
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tiglit by the BUBpendwl weight. The objections to the above 
an-angement are the manifest inconvenience of SHspi-ndpil 
weights, particularly when the wires are uuraerons, and tbo 
fact that the load on the top of tlie mast is unneci-iuiiirUy 
increased ; a iipring inserted in the wire would have the same 
advantages without the disadvantages. The number of men 
eTii]do_ved straining wire depends pn the number apd weight 
of the wires ; two sets of tackle should be allowed to each gang, 
that one tackle may be in process of adjustment while the other 
is in use, and the second may be strained before the first i& 
Blacked for removal. When there ait» more than two wires a 
Bepanite gang of men should be allowed for each pair when two 
wirps only are on the same level, or for each pair of brackets or 
cnisa anil, when more than two wires are on the same level, 
until a straining gang is employed straining at each post ; thus 
if the wii-e is strained at every third or fourtt pole, thrcB or 
four pangs may bo straining independently. If the number 
of wires on the cross arms differ, then one gang may strain the 
wires on one cro*s arm, while another gang strain an ec|Oal 
number of wires on two or three cross arms, care being taken to 
.so divide the work that tJu- gang.^ ]nv>grfss I'liually. thai llj.'.v 
progress at about the same i-ate as the erection of the polns, 
and yet no time or labour be wasted by unnecessary transfers o( 
tackle. Wlicn two or more wires have to be strained they are 
best strained in j>airs ; this saves time and labour, and ensui'es 
equality of strain on each wire of the pair. The best mode of 
straining two wires at once is to use a short rope passed through 
a single block, each end of the rope is fastened by the usual 
mejins to one of the wires to be strained, and they are then 
strained together by the tackle being applied to the block ; the 
wires being balanced through the block, they are equally strained. 
A snatch block is more convenient than an ordinary close block 
to reeve the rope through and strain on. The above refei-s to 
construction of a line without winding drums or stretching insu- 
lators ; when winding poles are employed the two ends of wive 
at ea<ji winding pole are drawn towards each other by tackle, 
placed on the drum, and the tension carefully adjusted ; practice 
enables the workman to judge of the tension by the force ncces- 
Kary to turn the winding key or lever, but this mode is not so 
accurate as using a dynamometer or measuring the dip on an 
inci-eased span. The use of winding drums on high masta 
should not as a rule be permitted; the wire should in such cases 
be strained from below, and never by using the mast as a fixed 
point to haul against. By adhering to this rule leas expensive 
mnsts may be nseA thati \i the wire be strained against the top 
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of the mast, and there is no advantage in departing from this 
rule. At terminal poles the wire is fixed by a stretching 
insulator, or formed into a ring to fit the head of the insulator; 
it may be strained by a movable ratchet drum and winch 
attached to the terminal pole ; the chain of the winch being 
attached to the wire, the winch is turned until the wire 
assumes the required dip, the wire is measured, slacked, the 
terminal ring made, the wire drawn again tight by means of 
the winch, the ring is passed over the head of the insulator, and 
finally the winch is disconnected. Over-house lines in towns are 
as a rule sti*ained at terminals by means of the winch, but outside 
towns terminal poles occur but seldom, hence for such lines it is 
better to use the ordinary tackle than carry an extra heavy tool, 
the use of which offers no advantage when there is room to use 
the tackle, as described below. To terminate a line with the 
ordinary tackle proceed as follows : — Let the line lie on the 
ground for about 500 yards, measured from the terminal pole, 
draw the wire tight by hand, turn a ring on its end, place the 
ring on the terminal insulator, then fix the tackle on the line 
200 or 300 yards from the terminal, draw up a bight of wire, and 
make a joint so as to shorten the line to give the normal dip. 
When laying the wire out at a short distance from the terminal 
a temporary joint should be made, the wires being merely 
twisted together ; after the ring has been placed on the terminal 
insulator, the bight is taken up by fixing the tackle across this 
joint, which is then cut out and the wire permanently joined in 
the usual manner; thus there is no waste of labour, and no 
more joints in the wire than the number of coils of wire renders 
necessary. Winding drums, shackles, eyes of porcelain, <kc., are 
usually very inferior in insulating power to ordinary bell insu- 
lators, hence their use should be avoided whenever possible, 
particularly on long lines; when they are really necessary, 
additional shelter from rain may be afforded by applying light 
pent roofs of wood or metal to keep the supports dry. The best 
mode of terminating wires at offices, junctions with cables, &c., is 
by means of the ordinary bell insulator fixed under shelter, the 
conductor being continued into the office or junction house by a 
piece of well taped and tarred gutta-percha or caoutchouc covered 
wire; the joint should be soldered, and the covered wire changed 
when the covering has cracked from exposure. Some admini- 
strations use a small insulator for leading in wires rather than 
the large insulators in general use — this is the case in Pnissia ; 
the small insulator is the more convenient and economical for 
leading in wires at offices. At long spans, as river crossings, the 
span and line wires may be terminated on the same insulator. 
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bnt the contact shouJd be made perfect by a piece of thin 
wire soldered between them. Beforn straining the wire all 
stays tind ties should be tightened. On light temporary lines 
the insulatont and bmckets being in one piece, are spikifd to 
living trees or ItiEhed to woodtu poles usually hy & serving of 
wire: the line wire is not usually thicker than No. I'l, and it 
may be safGciently stTained by faund witfaout tacUe, n mile 
weighs but little more than one and a half cwt., the joints are 
not Eilwaya soldered, bat solder should be employed whenever 
practictibie, the attachment to the inaulators in UEually by thin 
wire placed in a groove round the insulator. The wir» ia uni^y 
lifted iind placed on the insulators by means of a light fork, or it 
way 111' lifted by a man on a ladder; the ladder is more generally 
useful but heaviev to carry than the fork, the best plan is to use 
liotb, using only one ladder and several forts. A natnral fork 
of bamboo is the beat fork used in Indin, but if wooden forks be 
not readily proqurable an iron tip may be lixod on a wooden 
handle. Una man is sufficient to carry a wire up a mast, bat 
the wire must be rery loose ; the best plan on a high mast is to 
send up the large block of the tnckle with the rope reeved once 
through it, this is hung by its book to the bracket at the top of 
the mast, the wire being placed on the hook of the small block, 
it ia raised to the top of the mast by hauling on the fall, a man 
then lifts the wire from the hook and places it on the insulator. 
As the wire is strained against the poles the latter are often 
drawn out of the vertical, they should be put upright after the 
wire has been placed on them. If stretching insulators be used 
tliD wire should of course be fixed as it ia strained; if the wire 
is to be bound at each insulator, this is done by men following 
the straining gangs; but these men should be kei»t two or three 
inilea behind the atniining gang, as if the wire be not permitted 
to !idjust itself before being tied it may do so afterwards, and 
the posts will be drawn out of the vertical. In laying ^lnder■ 
ground lines the tubes are first cleaned and smoothed, the iron 
tubes with a he«\'y iron chain, the stoneware tubes with a 
scraper, formed of two irons shaped like half tubes, kept apart 
by a spring and fitted to a handle. The iron tubes are 
joined by first ramming in a little yam to prevent the lead run- 
ning into the pipe, making a clay mould round the pipe, pouring 
in the molten lead, and ultimately removing the clay. As each 
pipe is laid an iron wire not smaller than No. Hi B.W.G. is placed 
ill the pipe, the wire being continuous from draw box. to draw 
box. The wire may be in the form of cable or single wires pro- 
jierly insulated and covered with tape; in London the wire ia 
commonly No. 18, co\eved with gutta-percha, to Ho. 7, and served 
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with tape soaked in Stockholm tar ; the wires are in lengths of 
400 yards, they are tied together at intervals, and as the bundle 
is drawn into the tubes the strings they are tied together with 
are remaved. When the number of wires to be drawn in is large 
a larger sized iron wire may be drawn in by means of the wire 
laid with the pipes, and the larger sized wire used to draw in the 
insxdated wires. The insulated wires are attached to the iron 
wire by a ring made on the end of the latter, the insulating 
material is removed for a short distance from each copper wire^ 
and the copper wires are placed through the ring on the iron 
wire and twisted; to protect the ends of the insulated wires 
while being drawn in they are wrapped in tarred tape, yam, or 
other similar suitable material The best material for the tapes 
is cotton, and they should be woven straight with a double 
selvage, so that they be not stretched out of shape by the cover- 
ing machine* or in jointing. If a wire be broken in drawing 
in, the position of the break is ascertained by withdrawing it 
entirely and measuring the pieces. If the break be in an iron 
pipe the pipe may be broken, if in a stoneware pipe the section 
of pipe is uncovered and opened at the joints. Wires cannot be 
readily threaded through the pipe for long distances, even when 
the wire is comparatively thick, as No. 8, and the pipe empty; 
hence, if the distance between the break and the nearest draw 
box is too great to admit of a wire being threaded through from 
one end of the section, a hooked wire must be inserted at each 
end — ^viz., the draw box and the break, and these wires be moved 
round until the hooks catch, when the required communication 
being established the repaired wire can be drawn into the tube. 
If of stoneware the tube can be re-laid in the usual way, if of 
iron the broken part of the tube is encased in a short section of 
tubing supplied for the purpose, of a size to fit outside the 
broken tube, and made in two pieces to be fitted together by 
bolts passed through longitudinal flanges, so as to tightly encase 
the broken tube at and for a short distance on each side of the 
break; the joints at the ends of the shoii; tube are packed to 
close them effectually. The boxes containing the joints of the 
several lengths of insulated wire are termed joint boxes, they are 
necessarily placed every 400 yards, as the core is made in this 
length; they have cast-iron removable covers laid flush with the 
surface of the pavement, and are open to inspection. The inter- 
mediate boxes, termed draw boxes or flush boxes, are of the same or 
similar pattern; but as they need not be open to inspection^ 
being required merely for the purpose of drawing in and out 
the wires, they are commonly covered up; the situations of 
each of these or of some of them may be marked in any con- 
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Tenient mnnner, as by lottora cut oa the paving. Draw boxes 
are requiriid at angles, and must in many cases be clistributoi) 
irregularly; the maximum distance admissible is probably 2011 
yards, a convenient distance is 100 yards, the tbrmer should nut 
be exceeded, less than the tatter is not necessury, unless a shorter 
distance be imposed by the nature of the route. The tusulated 
wire slioutd be protected by a roller or other appliance from 
injury by friction against the edges of the pipes, and tho drawing 
in should be performed on each end of each section of the wires. 
being commenced from the centre draw bos of the section to be 
drawn in. The insulated wire or cable being inserted at one 
draw box, drawa out at another, re-inserted, iic, sereral timen 
in each section of 400 yards, if it bo coiled each time it is drawn 
out, for each coil one twist will be put into it when it is re- 
inBortoJ, unless this be provided against. The wires must 
either be received on a di-um, laid on the ground, or coiled nii 
one side of the draw box as drawn out and turned over by 
recoiling on the opposite aide before being re-inserted; the last 
is tho moat oonvenient mode, and is that generally followed. 
Tlie wires should be coiled on canvas, and not on tlie bare 
ground, to prevent the introduction of grit into the pipes. The 
wbove refers to the laying of wires when numerous, tnodes of 
laying leas numerous wires ai'e described in Section I. 

439. The tools should be very strong and of as few patterns 
and sizps as the proper execution of the work will permit; for 
special work of course special tools may be really necessary, but 
the general utility of the tools for repairs and maintenance 
should be considered. The construction of a line is carried on as 
rapidly as possible, to save cost of superintendence, by employing 
as much hibour at the same time as can be eiliciently supervised; 
the principal difficulties are to mark the line rapidly enough, 
and find a sufficient number of intelligent men to act as foremen; 
the rapidity with which tlie work can proceed is usually limited 
by one or both of these conditions. It is an excellent plan if a 
preliminary survey has to be made to mark the route of the line, 
and if the route has been definitely decided on to set out the 
work. Sometimes the poles are erected first, and the wire ia 
«rected as the working parties return, but the most economic*! 
plan is to complete the line at once, the work being set out if 
jiracticable iu advance. If there be dearth of carriage to dis- 
tributed stores, the poles, wire, and insulators should be 
distributed before commencing construction, to remove tho 
possibility of delays after labour has beeu engaged. 
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Section IV. — Svhniarine and River Cables, 

440. The essential parts of a cable are, the conductor, the 
insulator, and as the conductor and insulator are deficient in 
tensile strength, this deficiency has to be supplied by the addi- 
tion of a tenacious material, commonly iron wire, usually applied 
in the form of a covering. Other matters, such as Chatterton's 
compound, artificial asphalt, and hemp, are used to make the 
cable solid, to prevent air spaces, to protect the iron wire from 
oxidation, kc. ; applied for these purposes, these materials may 
be termed accidentals. 

441. The conductor is almost invariably of copper, the object 
being to obtain the maximum conductivity with the minimum 
sectional area. As the conductivity of copper varies consider- 
ably according to the degree of purity of the specimen, the 
copper employed should be carefully tested, and a conductivity 
90 per cent, of that of pure copper may be insisted on. Blavier 
fixes the minimum at 15 per cent., but the care which has been 
bestowed on the subject has recently led to great improvement 
in this respect. The specific conductivity of some cable con- 
ductors actually laid has exceeded 95 per cent., of but few recent 
cables is it less than 93 per cent. Iron wire may be used as the 
conductor in short cables for crossing rivers or for underground, 
but it is seldom if ever employed. Its advantages are extra 
strength and low price ; its disadvantages are greater weight and 
bulk for equal electrical resistance as compared with copper — 
consequently, for a given conductivity and insulation more of 
the insulator is required. Preference is given to stranded rather 
than single wire for conductors ; either three wires twisted 
together, or generally six wires twisted round a seventh, are 
used. The advantage of employing stranded wire is greater 
flexibility, and consequently increased security against rupture 
by repeated bending, and these advantages far more than coun- 
terbalance the disadvantages of greater quantity of insulator 
being necessary to cover a conductor of given electrical capacity. 
Short lengths of cable for rivers may have single wire conductors 
where it is desired to reduce cost. Messrs. Clark & Bright have 
introduced a strand of wires of such section that they fit together 
to form a cylindrical conductor, but some manufacturers have 
experienced difficulty in carrying out the suggestion. In the 
direct United States* cable,^ made by Messrs. Siemens, the con- 
ductor consists of one central thick wire and eleven thin wires, 
flexibility being in a measure sacrificed to gain increased con- 
ductivity. The several wires should break joint and should be 

2 c 
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joined by silver solder, rosin heing used as a flux. The object ol 
using silver is to avoid gnawing of the cop[>er, and rosin is usadj 
to pi-event the eoiTosion which might occur if clitoride of eine 
were used ; & corrosive fiux, if not entirely removed after s^ 
dering, night seriouslj endanger continuity of the couductot 
nfter the cable had been laid. The diiuneter of the copper itt 
long cahles v&nea from about 'OST to 170 iDch, aud the wei^ 
of copper per knot from about 90 to 400 lbs. — tlie heaviest coi 
ductors being used for the longest cables. Great care should I; 
taken to select soft tough copper, and to bo arrange the v' 
that the diameter of the conductor and its conductivity g 
each be as nearly as practicable the same throughout. In lajinf 
the wiras together, as it is highly desirable to make the cable u 
solid as possible and produce adheaion betyfccn the couduetM 
and insulator, in gutta-perclia core the wires are laid togethn 
witli a mixture of silicated bitumen, artificial asphalt, Ohatta 
ton's compound, or other similar material, in just snfficiu 
quantity to fill the interstices between the BtrandB ; ia HoopiK'll 
coro the centre wire is covered with separator. 

442. In gutta-percha core tho layers of gntta-peruha an 
cemented together by L'hatterton's compound. When there 19 
adhesion between the covering and the conductor, these stretch 
and sbrink together, and the conductor cannot, while continuous, 
be forced through the insulator, an accident which used to occur 
before this measure was introduced. The insulator is put on as 
described in Part II., chaj). iii., sections 1 and 2. The size 
of the conductor and thickness of the insulator are determined 
by electrical considerations (see next Paragraph). Cable core 
is comparatively very weak, and but little of its strength is 
available by reason of its extensibility — e. ij., the core of the 
Anglo-American cable made of 300 lbs. of copper and 400 IbB. 
of gutta-percha per knot, stretches 10 per cent, with a quarter 
of a ton; this does not impair its electrical efficiency, ,but the 
elongation of a completed ordinary iron-covered cable is under 
1 per cent, when loaded with half its ultimate load. It is 
evident the strength of a «ible is practically that of the guards. 
Over the insulator a serving of hemp is put on to form a pad- 
ding for the outer guai-ds to rest on. This hemp is spun on by a 
machine consisting of a circukir revolving frame carrying drums 
of yam, through the axis of tho frame the core to be covered is 
ilrawn by being passed sevei'al times round a drum or wheel 
connected with the frame, carrying the yarn in such a manner 
that their rates of revolution bear the necessary relation to 
each other. Tho hemp serving may he saturated with bitumin- 
ous or tarry matter as a Y^servative; but, as a rule, it is tanned 
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or brine is used, the objection to using the other materials being 
the possibility that faults in the insulator may be temporarily 
hidden thereby. Sometimes several cores are laid together, 
hempen strands are used to fill the spaces between the cores, 
and the whole is then served with hemp, as described for a single 
core. Multij)le conductor cables are not used for long distances. 
Tlie outer covering of the cable is varied with the depth to which 
the cable has to be laid, and its liability to disturbance and 
injury by friction against rocks, &c. The materials employed are 
good iron, homogeneous metal, or homogeneous metal together 
with hemp. The weight of iron may vary from little more than 
half a ton per knot to upwards of 17 tons, and that of the com- 
pleted cable from li ton to 20^ tons per mile. The guards are 
spun on by a similar machine to that used to serve the core, the 
wires being wound on large bobbins fixed in a revolving frame, 
through the axis of which the core to be covered passes ; they 
nre laid on without being individually twisted, and as nearly as 
joossible with equal tension. In one of the best forms of cover- 
ing machine the bobbins carrying the wires are attached to an 
ii"on disc, through the centre of which the cable core passes, 
each bobbin is attached to the disc by a spindle, so that the. 
bobbin is always suspended vertically on the face of the 
disc, thus the bobbins move round the core without twisting 
the individual wires round their own axes. The number and 
size of the wires are adjusted to the size of the core to be 
covered, that they may exactly cover it and abut against 
each other when the cable is strained, in order to prevent the 
cable stretching and the core being compressed by contraction of 
the helices of the covering. To place the wires close, the cable as 
it leaves the closing machine passes through a hole or between 
grooved rollers, which press the wires together. In calculating the 
length of wire in the outer covering 3 per cent, is commonly allowed 
for lay, the turns being very long to avoid injury to the wire by 
the twisting, and to keep the abutting wires as parallel to the 
longitudinal axis of the cable as consistent with forming a rope 
which may be conveniently handled and has no tendency to kink 
or for the strands to rise. Carefully made, the completed cable 
should be hard and solid, not spongy; it should not have the spring 
and liability to kink seen in single wires, should coil readily, and 
not stretch with half the breaking weight more than one-half 
to one per cent. When strained in great length cables untwist 
slightly, and consequently elongate from this cause, but such 
elongation is too slight to be of consequence. The wire guards 
are galvanised, and the cable is covered with a serving of coarse 
hemp or jute, and a mixture of bituminous matter and silica 
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(frequently termed asphalt); the outer serring protects the 
wii'es fi'um rust, it holds tlie wLi-cs down, furnishes additional 
security against atrnnds rising during juicing out, and incidentally 
it eases the cable iu ])ayiug out by cBiising increoBed frictiaa 
bi^twueu the cable and the water, and by loweriug the fipscilii; 
gravity of the whole. The smallest number of wires used to 
cover a. cuble is 9, and 18 is seldom exceeded; the former form 
It roiie inoonvenieutly stiff, 12 make a auitable rope. For sliom 
ends, and generally for cables liable to attrition, to be caught by 
ships' anchors, il:c., thick wires are usf^d, the iron in the hoaviuil 
cables weighing as much aa 17i tons per knot; the wires are not, 
however, pal on singly, such e. cable would lie too stiff to liandla, 
hut the cable is covered with 10 or 13 strands, each of thrixi 
wires. The part of the cable for considerable depths not being 
liable to injury from causes mentioned above, is usually light, 
only sufficient strength being given to admit of the laying and. 
in case of necessity, raising of the cable ; thus, in the French 
Atlantic cable the main cable h&B only '709 ton of iroa per mile, 
iu the English Atlantic cables it is still less, while in shallower 
sead it may reach 8 tons per knot ; 2 tons may, however, ha 
conaidpi-ed heavy for a main cable of cotisidonible length. If 
long cables were made of large diameter tliey would occupy 
much more space on board ship, and moi-e joints would often be 
necessary — hence the longest cables are made of as small diameter 
iis practicable. There would manifestly be considerable difficulty 
in joining a heavy shore end directly to a slight cable, and the 
heaviest cable is not required to meet the lightest main — hence, 
between the shore end and the main aible one or two intermediate 
sized sections, termed intermediate cable, are interposed. The 
core is uniform for main, shore end, and intermediate cable, the 
only difference being in the weight of the guards. The diflercot 
sized sections — i.e., the main, intermediate, and shore end, are 
joined to each other in one of two ways, either by a taper, or by 
serving the thinner cable (guards included) with hemp, and 
laying over this the guards required to form the shore end. 
When joined by a taper the lai^er guards gradually take the 
place of the smaller, thus the sections are formed by a taper ; but 
when the other arrangement is employed the guards of the smaller 
section are continuous through the larger section, the larger 
differing from the smaller only in the addition of n layer of 
packing and an outer set of heavy guards. For deep sea cables 
a combination of homogeneous iron with hempen strands is used 
for the guards ; the elastic flexibility of untwisted hempen fibre 
being inferior to that of the metal, the twist in the hemp is so 
Adjusted that the two materials stretch and ultimately break 
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together, thus rendering the whole strength of both available. 
The chief mechanical advantage in the combination of hemp and 
-wire lies in the fact that the hemp so used adds its strength to 
that of the wire, while it does not add sensibly to the weight of 
the cable in water; in other words, it increases the strength of 
the cable by an amount equal to its own tenacity, without adding 
to the load to be borne ; hence it increases the modulus of tenacity 
in water. Good iron is used when admissible, for greater depths 
homogeneous metal is used, and for the deepest seas the com- 
bination of homogeneous metal and hemp. Shore end cable is 
used for river crossings as a rule, but the heaviest is only 
employed exceptionally for this purpose; it is used with marine 
cables up to depths varying from two to three hundred fathbms. 
The combination of hemp and homogeneous metal is not used for 
depths less than 1000 fathoms; an iron-covered cable cannot be 
safely laid in water deeper than 1500 fathoms, for greater depths 
homogeneous metal is used ; homogeneous metal and hemp 
together are used for the greatest depths. A cable with hempen 
guards has been projected for crossing the Atlantic, but hitherto 
hemp alone has not been successfully applied to the purpose. 
At first it was feared if the wires were put on spirally they 
would allow the cable to stretch when strained, and thus fail to 
protect the core from injury; many cables were therefore covered 
with iron wires laid together without any twist, and kept 
together by servings ot thin wire at short intervals ; but it is 
found in practice this form of cable is more difficult to manulac- 
ture, and less convenient to handle, than the spiral form, while 
the latter is found to answer in practice, the wires abutting 
against each other when the cable is strained. 

443. Although not strictly within the scope of this work, it 
seems desirable to state the conditions regulating the absolute 
and relative sizes of the constituents of cable cores ; these are as 
follows : — The dimensions of the core are determined by the 
number of words per minute required to be transmitted, and by 
the total length of the cable. The number of words which a 
core will transmit in a given time, if the ratio between the 
weights of the conductor and insulator be maintained constant, 
is directly as the weight of the core, it varies with the nature of 
the insulator, and is inversely as the square of the cable's length. 
The ratio between the weights of the insulator and conductor 
per mile is varied with the specific inductive capacity of the in- 
sulating material employed, and as a rule the insulator is used 
in excess of the weight indicated by theory as necessary to give 
the maximum speed with a given diameter of core. In gutta- 
percha cores the ratio of copper to gutta-percha, by weight, varies 
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from two-thirds to equ»lity ; the lightest core of practical use bu 
73 lbs. copper and 1 10 lbs. gutta-perclm per knot, a cuiumou 
Bize ia 107 IbB. copper and HU to 16S lbs. gutts-perdui ; th* 
largest core yet laid, that of the French Atlantic cable, is 400 
Iba. copjier and ■100 lbs. gutta-percha. The diameter of the con- 
ductor iu the last id -1G8 inch and of the core '470, or the r^oot 
the diameters \a nearly 1 : 3. Blavier Iia« ^ewq tbttt th? nfio 
5 : B, nod auother author (Sabine) 3 : 5, would give the maxitnant 
s|H!ed with a given sized core, but there is manifestly conaiderabU 
risk in reducing the absolute thickness of the insulator. Tbs ■• 
specific inductive capacity of India-rubber being much lower i 
tlmn that of gultn-porcbii, a thinner covering of this inateriAl ia \ 
retiuired to obtain a. given speed through a fixed conductor, and i 
accordingly in India-rubber core the copper bc-ara a larjpir pro- 
portion by weight and balk to the insulator. As a certain aJMO- 
luto thickness of insulator is necessary mechfinically, in a mntt!! 
core of Hooper's India-rubber 90 Iba. of copper and 130 Iba. of 
insulator per knot is used, the diametetB <m copper anil oof* ^ 
being 080 and '241 inch respectiTely, or as 1 : 3 ; medium ailed 1 
core has etinal weight of copper and inaiilntor — viz., 180 lbs. of 
each per knot ; in lurj^'ur hizes tlie co|i]Pti- is in i'xl'i^^s, thus tho 
Horth (Jiiina cable core has 300 lbs. copper to 300 lbs. insulator 
per knot, the diameters of copper and core being -147 and '31S 
inch respectively. Hooper's material is about 2'25 per cent. 
heavier specifically than gutta-iwrcha. The number of words 
per minute n, a given gutta-percha core L knots in length, the 
conductor weighing w lbs. per knot, will trananiit with a mirror 

inatrnment, is represented by the formula n-C ^^ ; Cisaco- 

efficient varying with the ratio between the gutta-percha and 
copper. The values of C for several ratios is given below on 
the authority of Professor F. Jenkin, the weight of copper being 



80 103,000 

90 175,000 

100 187,000 

110 196,000 

120 205,000 
130 21,500 

140 23,400 

150 23,30(1 

160 24,000 

I£ the MotSQ inBtnimeTA. \i« Maed, n to be divided by 14 - i£ 
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"Willoughby Smithes or Hooper's material be used, n to be 
multiplied by 1-17. 

444. The iron wire used being of a relatively large size, has 
a breaking strain of about 35 tons per square inch of section. 
Mr. F. Jenkin states as an ultimate load for good iron 2 tons 
per pound of iron per fathom — this he states is equal to about 41 
tons per square inch, but calculating the intensity of this load 
from the table of sizes of wire given by Mr. Johnson, it appears 
only equal to 39*85 tons. This is, however, too high, and a more 
simple and accurate rule is the following : — The workxrug load of an 
iron wire cable is one pound for each pound of iron per knot; 
the factor of safety being 4, the ultimate tenacity is about 36 
tons per square inch. The homogeneous wire has a tenacity of 
50 to 60 tons per square inch. The factor of safety usually 
employed for cables is 4. The maximum tension during sub- 
mersion is the weight in water of a length of cable equal to the 
maximum depth of the sea in which it is to be laid, less the 
friction between the cable and the water. If the cable has to be 
raised from the end or on the bight, the cable forms a catenary, 
the resistance of the water which, as stated above, diminishes the 
stress during immersion, increases the stress when the cable is 
being raised ; this resistance being as the square of the velocity . 
there is manifestly advantage in raising a cable slowly when the 
tension is considerable. The tensile strength of the cable is 
practically that of the guards only, the core being comparatively 
weak and but little of its strength being available by reason of 
its greater extensibility. As the maximum strain is only borne 
for a short time by each section of the cable in succession as it 
passes over the stem of the ship, a maximum load equal to one- 
third of the ultimate load may be permitted during submersioa 
without danger, but it is evident if accident rendered it necessary 
to take such a cable up there would be no chance of success. 
If the contingency of having to raise the cable has to be pro- 
vided for, this can only be adequately done by calculating the 
maximum load on the cable, in raising it from the greatest 
depth, and using at least 4 as a factor of safety Where ex- 
perience leads to the conclusion that it will probably be neces- 
sary to raise the cable, or when a cable has to be laid for a 
temporary purpose, then 6 should be used as a factor of safety; 
but in these cases the depth is not usually great, the contingency 
of having to raise it is therefore amply provided for without 
special provision. The additional weight of iron put into shore 
ends of cables does not increase the modulus of the cable, but 
the thick wires expose less surface to oxidation in proportion to 
their weight, and the heavier cable has greater absolute strength, 
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fitting it to resist tDechanicAl riolence. Sliallov water 

Iiave ft tenacity fur greater than is required to admit ( 

meraion nnd picking up. Deep-sea cables covered with homo- 
geneous iron 'wire guards have usuully about 2 tons of iron per 
knot — this ia found to answer woll in practice. The Atlnnttc 
cables fui-uish eiLamples of the employment of hemp and honio- 
^eneoun iron together; the 1S66 Atlantic Cable hiu seTon No. 
18 RW.G. copper wires for eonduotor, its guards arc ten No. 
13 B-AV-O. homogeneotta iron wires, each served witli five yams 
of Manilla put on spirally; the dianieter of the cable ia 1'127 
inch, its tenacity 8 'tons, its weight per knot 1-8 ton; in the 
French Atlantic, a more recent cable, the core weighs 800 Iha. 
per knot, the aerring 234 Iba., the served core ja -669 inch in 
diameter, the guards are ten homogeneous iron wires euch '1 
inch in diameter, and covered witli five Manilla strands, each 
eervcd wire is '245 inch in diameter, and its ultimate load is 
1^50 Win. The diameter of the cable is 1'134 inch, it wiri^hE 
] 652 ton per knot in air, 0-763 ton in wat^r, its ultunat« 
tenncity is 7'375 tons, its tenacity in air is equal to the weight 
of 4-4 knots, and in water to 0-S knots of itsdf. 

445. The completed cable ia coiled in tanks, each of which has 
in its centre a frame termed an eye, having a minimum diameter 
of 6 or 8 feet ; the cable is coiled in layers by men stationed 
inside the tank, each coil commences at the peripliery of the 
tank and finishes at the eye, the cable is tlien taken radLtlly to 
the periphery and another coil commenced ; the layei-s are sepa- 
rated by sticks or planks placed radially. If the cable be covered 
with bituminous matter, it may be dusted with lime or other 
fine powder to prevent the coils sticking together, but some 
degree of adhesion is advantageous on shipboard, as it pre- 
vents in a nieasui-e the cable flying about when being payed 
out. On hoard ship the tanks are similar to those on the 
works ; ships built for cable laying liave the tanks arranged 
with great economy of space and weight. A conical-sha)ied 
frame, formed of concentrically arranged rings, is suspended 
over the tank ; this frame being lowered into the tank as the 
latter is emptied, the cable is foi-ced to pass between the iron 
rings and the frame or mould forming the eye of the tank, and 
is thus prevented from flying about under the influence of cen- 
trifugal force while being payed out. If a cable of ordinary 
construction were simply put over the stern of the shij), it would 
hang with the weight in water of a length of itself equal to the 
depth of the sea; no machinery is necessary therefore to get the 
■ cable to run out, when it has been payed out for a short length 
it will run, out itaeU ■, hence it is necessary to have brakes to 
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control the rate at which it shall run out, by offering the resist- 
ance of friction in opposition to the weight of the cable hanging 
over the stern of the vessel. But it is also necessary that the 
tension on the cable at any moment should be known in order 
to use the brake ; this tension is measured by a dynamometer. 
The essential parts of the paying out appai*atus are thus the 
brake and the dynamometer. As the cable leaves the tank it 
passes several times round a grooved diaim, the weight dragging 
the cable out causes this drum to revolve. The brake is that 
known as Appold's, the principle of which is described in Pai-t I., 
chapter i, section 3 ; it consists of a band of iron plate, carry- 
ing pieces of hard wood, both ends of the iron strap are con- 
nected to a lever at points about two inches apart, so that the 
blocks of wood are made to press against the circumference of a 
smooth drum, fixed rigidly on the same axis as the drum turned 
by the cable ; the pressure is regulated by the force applied to 
the actuating lever. From the brake the cable passes to tiie 
dynamometer; this consists of a weighted jockey wheel having 
a deep groove on its edge to receive the cable ; the axis of this 
wheel is movable in a vertical frame, so that the wheel may rise 
or fall within certain limits ; on the frame a graduated scale is 
marked, on which the height of the axis of the jockey wheel can 
be read off; the jockey wheel rests on the cable, and being 
weighted, it bends the latter; 
from the degree to which it does 
this the tension on the cable 
can be calculated. If abc, ^g. 
83, be a portion of the cable, 
and b be the jockey wheel 
depressing the cable midway 
between the pulleys a and c through the height db, let m = 
weight of jockey b, x = tension of cable between a and b, then — 




Fig. 83. 



97( 

X sin ^° = 77, or 05 = 



m 



2' 2sin.^°* 

If n = distance <xd = half of ac, and if 5^ = the distance db, then — 



sin <t> = T~o — O f 
substituting this value for sin 4>° in the value of x- 



mm 
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To niuljf a scalp for measuring the teniiion Dti the caW* l>y lh« 
verticil (k'preasiou db, assign different v^luas U> x in tin; Ual 
equation; as n» and n. arc known quEmtiti<!e, the viJues of q for 
the Bt-veral vahiea asaigtied to x may 1)6 readily cnlculfit«il. 
The cable jMsses from the tank round the brake drums, then 
under the jookey of the dynamomettr, and finnlly over n pullny 
lixed over the et*n! of the aliip into the sea; a mnn statirmed ut 
tlie dynnmometer haa control over the hmke, and can thiis 
control the tension. The aliive is n general description of the 
appariitua and manner of conducting the opemtioo, generally 
two ilnima and two brakes coupled together are uaed, one hrako 
actinia on each drum ; an apporatun is att!tch«>d to rc^gister this 
length of cable actually passed out by reooi-ding the revolutinni 
of the brake drums, or those of a pulley turned directly by the 
cable, imd pumps are conveniently aitnated for keej>ing the 
brakes cool. The levPr actuating the brake may be weighted 
or iieted upon by hydraulic pressure ; in the latter case it is 
connected to the rod of a piston working in a hydraulic cylinder, 
und by jiutting pressure above or below the piston the brake is 
tightened or loosened as necessary. The trim of the ship is 
commonly preserved by taking in water as ballast as the cable 
is exhausted. The machinery sliould be of the best and most 
solid construction, and the brakes should be sufficiently powerful 
to stop tjie cable. Bes;idesthe control over the tension furnished 
by the brake, the dynamometer acts as a spring on the cable to 
ease it when from any cause the tension is suddenly increased 
or diminished. The angle of immersion is also an important 
element to observe, this angle is usually so small during paying 
out that the pitching of the ship scarcely aflects the tension, 
but when this angle is large the pitching of the ship affects the 
tension sensibly, its influence is a maximum vhen this angle is 
00°, and becomes considerable when the cable is fixed at the 
bottom, as may occur in raising a cable. This angle of immersion 
also indicates by its magnitude the rate of sinking when the rate 
of the ship is known, the length of cable ainking at the same 
time when the depth is known, &c. The object to be attained is 
to lay the cable for its whole length on the ground, that no part 
may bo suspended between elevations on the bottom — i. e., to 
lay it so that tliero may be no tension on it at any part when 
laid; and to lay sufficient slack to ease the cable in passing out 
as much as may he necessary, to admit of it being lifted should 
such become necessary, and yet to so limit the excess that the 
cable may not get into kinks, or the line be unnecessarily 
lengthened by which the cost would be improperly increased 
and tJie rate of aigi».\\\Qj teAvxced, For a depth of 2,000 lAthoms i 
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16 per cent, is sufficient slack, but 20 to 25 per cent, is not 
excessive; a cable has been laid in 30 to 35 fathoms with 
less than 5 per cent, slack, but this is very exceptional. The 
percentage of slack necessary to admit of the cable being raised 
on the bight may be calculated when the depth and nature 
of the bottom are known, and the force required to drag a unit 
length of the cable in water on similar material to that of the 
bottom has been ascertained by experiment. It is easier to pay 
a cable out taut than slack, as when taut it is less liable to a 
certain class of accidents, as kinking; for the same reason a 
somewhat stiflf cable is preferred to a vary flexible one, and if 
the coils stick together somewhat it tends to hinder the cable 
from jumping. The route for the cable having been carefully 
sounded, the tension on the cable must be adjusted according to 
the depth and other conditions present at each stage of the 
operation. Cable ships should, if practicable, be large enough 
to contain the whole cable to reduce the number of joints. The 
"Hooper" and "Faraday" are the only vessels actually built 
for the purpose, the latter can carry 5,000 tons, equal to 1,500 
miles of thin cable, it has three tanks, two 45 feet, one 37 feet 
diameter, and each 27 feet deep; the testing room is conveni- 
ently situated in the corner between the two main tanks. The 
machinery on these vessels is of the most solid description, and 
the testing rooms are fitted with strong furniture; batteries 
for use at sea are fitted in stands or racks, and covered with 
paraffin or other suitable material to prevent the liquid being 
spilt by the motion of the ship. 

446. When a short cable has to be laid in a river or a narrow 
arm of the sea, there is no cable-laying vessel on the spot, and 
the expense of procuring the use of such a vessel is too great 
compared with the value of the cable to admit of its use ; then a 
vessel procurable on the spot must be employed for the purpose, 
and the appliances at command employed in lieu of the more 
perfect machinery. In shallow water very little difficulty is 
experienced, the cable may be payed out by hand, it must be 
paid out slack or the boat will not steer, and will thus be borne 
along by the current if there be one. The slack in this case is 
of great utility in case of scour, a common occurrence in rivers; 
and as shallow water cables are liable to accident from currents, 
anchors, &c,, the slack is very useful in case of repairs being 
necessary. It is evident the proportion of slack to admit of 
repairs must be larger in a very short cable than in a long one 
under conditions precisely similar, excepting in the particular of 
length. Across very shallow water, as in landing the shore ends 
of deep-sea cables; the cable is laid by men wading in the vi^tf^^^. 
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Wlicn a boat is used in a strong current, kedging maj bB '. 
reaorled to. la all cases a stvODg boat slioald be chosen, as 
miicli way as possible should be jiiit ou it, an ajichor and meam 
to stop the cable should be ready for use in case of acci- 
dent. When coinpiiratively narrow deep water has to be cabled, 
considerable propelling power in the vessel is necessary, for in 
tliis case tensioa cousoqueut on the depth has to be resisted, uid 
the conditions am those described in the case of deep-sea cables. 
If the tension be such that the cable cannot be held directly, it 
may be juiBsed round a drum and friction used to increase the 
control, the friction of ttie cnblo against the drum may be used 
instead of the brake described in tho case of long cables; the 
drum should be of large diameter and kept cool by water, it may 
be made by covering a windlass or capstan with timber or inaii 
the operation should be performed slowly, as risk of accident ia 
thereby diiuiniahed. This ia only applicable to very abort cablts, 
OS the cable wears away the Bur&£e of the cylinder; it ia but > 
rough expedient, and damages any preservative coating viaA 
may have been applied to tJie cable. Another fbrnt of brake 
may be made by making the cable pass between blocks of ivood 
pressed togetbei' by a lover. In using the friction of the cable 
against wood, the wood is rapidly worn away, and this must be 
considered and provided nguinst in improvising machinery. It 
is far better wlion possible to imitate roughly the machinery 
used for long cables ; instead of acting on the cable directly let 
it turn a drum or roller and apply the brake to the roller, 
distributing the pressure over a, considerable surface. If the 
cable be passed over the stern of the vessel and allowed con- 
siderable lateral play, it interferes less with the steering than if 
oanfined by being passed out over a sheave, but in the formet 
case if allowed to rub against the woodwork it rapidly cuts it 
awaj', and means should be pi-ovided to prevent this— stout iron 
plate or a long roller may be used. To stop the cable if the 
brake is not sufficient, a few turns of a rope may be put round it. 
the rope being fastened securely by one end to a timber head. 
this rope is kept free until it is necessary to slop the cable when 
it is drawn tight. Eope may be used as a brake, the rope being 
worn away fresh i-ope must be applied from time to time. To 
lay a cable in a river choose a strong roomy boat; the boats used 
by the natives of India are usually unfitted to boar a. concen- 
trated cargo, or such sti-ains as those consequent on lifting or 
suddenly arresting a cable running out; the crew should be a 
strong one, and as the boat will not steer well a second boat is 
AS a rule necesaary; the cable should not be confined by n sheave, 
it should have conaiiensNAe \Biww.\ ^^3.5 to reduce its influence 
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on the boat's movements. The path to be followed shonhl 
be marked by ranging poles on the banks; if the river be 
wide floating marks may be used, if practicable prominent 
objects on the banks, such as large trees, should be used to 
steer by. The cable, previously carefully coiled in the bottom 
of the boat, should be paid out by hand, great care being taken 
to prevent accident to the men engaged, particularly to make 
them keep clear of the centre of the coils as they rise and are 
drawn straight; coolies not used to the work are sometimes very 
careless. The depth of water, momentum of vessel, and strength 
of cable are usually such that there is no danger of injury to the 
cable if the paying out be suddenly stopped, there is no necessity 
for appai-atus to indicate tension or rate of running out, and the 
cable must be laid slack or the motion of the boat will be im- 
peded. If the current be strong the operation is rendered more 
troublesome, and in most cases the boat maybe taken over the ti*ack 
once or twice with advantage before actually paying the cable out. 
There is difference of opinion concerning the slack which should be 
allowed in river cables, but in general they should be laid very 
slack, apart from the necessity for laying them slack consequent 
on the manner of laying them. If the bottom and banks of a 
river are stable, and there is no risk from vessels anchoring near 
the cable, then the cable need not be laid very slack, and a few 
turns of cable buried on the bank to provide for possible splices 
is all that is required. If the bed of the river is unstable, 
then the cable should be slack to allow it to rest on the bottom 
after scour ; as river cables sink in silt and become buried and 
covered with weeds, unless slack they cannot in some cases be 
raised even in shallow water. The cutting of banks when high 
and steep frequently exposes the cable and strains it, hence near 
such banks the cable should be very slack. Cables are less liable 
to injury from small anchors if slack, and in extremely unstable 
rivers, notwithstanding the objections to very slack cables, the 
only chance of keeping up communication is by laying a very 
strong cable very slack, otherwise the cable fails immediately 
the stream is flooded ; this is the general result of experience in 
India. A short cable should have a greater percentage of slack 
than a long one, to allow for splicing. A small coil of cable 
should as a rule be buried on one bank. Ordinarily 10 per 
cent, is sufficient slack in a slow current, and with a fiiirly stable 
bed, when the river is very unstable the more slack the better, 
if it can be laid in a serpentine line and prevented from kinking; 
if the banks be high, vertical, and unstable, a few coils of cable 
should be buried on each bank. Eiver cables are easily laid, but 
very liable to accident afterwards, and are fi*equently so buried 
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from the shore, or it may be commenced from an intermediate 
point when a ^ult has been localised by testing after the cable 
has been laid. The operation in either case is comparatively 
easy if the water be shallow and the cable is not buried in sand 
or mud or entangled in aquatic plants. The machinery for 
raising the cable fitted on board cable ships is of two kinds — ^in 
one kind the cable is lifted by separate machinery on the prin- 
ciple of the ordinary steam winch, being transferred to a sheave 
over the bow of the ship for the purpose; in the other kind the 
brake drums are driven the reverse way, the cable may be trans- 
ferred to a pulley at the bow, or the ship may move backward. 
Of the two ships built expressly for cable laying, " the Hooper" 
steers only one way, and the cable has to be ti-ansferred to the 
bow when it is to be taken in; "the Faraday" may be steered 
from either end, and the cable does not have to be transferred — 
the ship is steered from the other end and moves backward with- 
out turning when the cable has to be taken in. To raise a cable 
on the bight it is first grappled, by causing a vessel to drag a 
grapnel across the line of the cable until it is caught ; it is then 
slowly brought on board. An ordinary grapnel may be used, 
but for raising deep-sea cables a more complicated grapnel has 
been devised; it diflfei*s from the ordinary form in having arms 
from the shank to the flukes, which close automatically and 
prevent escape of the bight after it has been seized. When the 
depth is considerable the cable may be caught on the bight and 
broken, then a second bight may be taken on one side of the 
break ; in this case the angle of the bight raised being reduced 
by first breaking the cable, the tension on the cable is greatly 
reduced. Or, instead of proceeding as described above, two or 
more bights may be taken up by diiferent vessels so as to reduce 
the angle of the bight lifted from the water. An improved 
grapnel has been invented by Mr. Lambert, by means of which 
a cable may be grappled, broken on one side, and raised from the 
other; this grapnel has been successfully applied. In taking in 
the cable the ship should move slowly over the path of the cable 
as indicated by the cable itself, and the cable should be coiled 
away by hand as it is received on board. 

448. Joints in cables are technicaUy termed splices, because 
the guards are spliced in a manner somewhat similar to a long 
splice in a rope. The joint may be divided into the splicing of 
-^e guards, the joining of the accidental materials as the hemp 
serving outside the guards and the packing between the core and 
the gaard% joining the insulator, and joining the conductor. 
Joints in the insnlator are made as described for gutta-percha or 
Indm-mbber oorsy as the case may be. The hemp or other 
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packing or servinR is unwoiind when commencing the joint, Bnd' 
put on after joining the core or guards, as the case may be; it iM 
not, howi'ver, opened ia single yarns, btit in parcels each of on6-- 
thii'd or one-fourth the total nvuuher of yarns used, so that th«- 
yarns are opened in three nr four separate parcels. They &n- 
aer\'ed on as nearly aa possible as they were originally; they tan 
thinned out if necessaiy, ore made to break joint, and tarred an 
otherwise treated according to their original treatment in th*. 
manufacture. Packing when replaced should not increiue tW 
diameter of the served core beyotid its original length, or thtt 
g\uirds will not lie close — hence it may be necessary to thin dowa 
the yams; but the same necessity does not exist in the case of. 
the covering put over the guards. In shortening the oor« thw 
packing should not be shortened to the same extent ; enougk, 
should be left to cover the whole length of seiTed core &^t 
which the guards are removed in making the joint. The guiirdi' 
are spliced on the same principle as a long splice is made in in- 
ordinary rope, each guard not being joined but merely laid at- 
between the others; but practice differs in the two cases. Thfl^ 
case of ft cable differs from that of a hem|>eu rope in the follow- 
ing jianiculars : — The twist being much longer in the cable the 
splice must bo longer to hold; in practice it varies between 20 
und 60 feet; 30 feet is sufficiently long in a cable covered with 
twelve wires not larger than No. 3 B.W.G. ; the strands in a 
rope are only three in number, and very flexible; whereas the 
guards of a cable are seldom fewer than twelve, are compara- 
tively inflexible, and when bent the twist is readily lost. Hence 
in splicing the cable the following precautions have to be ob- 
fier\-ed: — 1. The guards of the cable are opened in three or four 
parcels instead of singly, and each parcel is temporarily tied 
with twine or wire to keep the wires together; 2. care is taken 
to prevent the wires being bent, by being trodden upon or other- 
wise, by which the twist in them would be spoiled; 3. as the 
wires are so numerous, and require to be carelully handled, it is 
found convenient to o]»en the guai-ds of only one of the ends of 
the cable, in the first instance, instead of both ends, as with a 
rope — thus the splice in the guards is on one side only of the 
conductor joint, and is made by laying the whole of the guards 
from one of the ends to be joined into the other, not by laying 
in a guard alternately from each end, as in si)licing a rope. The 
splice is made in the following manner: — Straighten carefully 
the ends to be joined; if the guards are uneven or otherwise 
damaged at cither end, put on a short serving of thin wire, and 
saw off the damnged piece with an ordinary metal saw; separate 
the guards of one of the ends to be joined into three equal 
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parcels, or if necessary four ; separate these guards from the 
core for a length two yards or more longer than the splice to 
be made, temporarily tying each set with twine or thin wire to 
keep the individual wires together; avoid injury to the twist; 
shorten the core from this end, leaving a length of 3 or 4 feet 
only for jointing — this length is left in order that the separated 
guards may not be inconveniently near, so as to be in the way 
while joining the core, and for convenience in jointing the pack- 
ing. The other end to be joined is prepared by putting on a 
serving of wire, sawing off the giiards flush with each other, so 
that 1 or 2 feet of the core projects beyond the guards ; as the 
guards are less in the way a shorter length of core is necessary 
on this end. The conductor and insulator having been joined,, 
the serving over the core is replaced, being made to break joint 
as much as possible ; put on tightly, and so as not to exceed the 
original size of the served core. The joined cable should be now 
slightly strained by hand to straighten the core, and held straight 
by men for a somewhat greater length than that of the splice, 
the serving on the shortened guards is removed, one parcel of 
the long guards is taken, arranged parallel with the cable, and 
an equal number of wires being selected and unwound, this parcel 
is wound on in their place; but in sawing off the wires they are 
not cut off at one place, but 2 feet or more apart — thus, if each 
parcel consisted of four wires, when these were laid in and cut 
off they would meet the guards of the other side at four places. 
2 feet or more apart. If the cable had twelve wire guards and 
the joint was 24 feet long when the splice was finished, the 
guaitls of one side would meet those of the other respectively- 
at twelve places 2 feet apart, distributed over the 24 feet, the 
length of core uncovered to make the joint would be 30 feet, 
and the joint in the core would be on one side of the long splice 
in the guards. The guards should meet well and should be well 
faced at the ends, not pointed or sharp, and a serving of thin wire 
is put on for 6 inches to 1 foot over each place where the guards 
meet. If a strand rises in splicing, it should not be hammered 
down, or the shape of the cross section of the cable may be altered, 
the core may bo injured, and the correct abutment of the guards 
destroyed ; to lay the strand the cable is seized by a heavy pair 
of tongs somewhat resembling pincers, these are driven along the 
cable over the raised strand by a hammer, and the strand is thus 
pressed down without altering the cylindrical form of the cable. 
Cable conductors are joined in two ways — in one the strand 
"wires of each end are soldered to form a solid and are filed down 
for scarfing, the two ends are then placed together, served with 
fine wire, and again soldered finally; another serving of fine wire 

2d 
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is ]}ut on exteiiding beyontl tliit first serving on each aide nii'l 
ao]Ji:i'e(l only at its ends, in on)«r to mtuntain the elcctritnl 
continuity if the joiot opens out. Tlie Sbo wire is cxttninoiilT 
put on several turns at a time ratlier tliMi singly, liut tlw m-ventl 
turns should be ns evenly laid as a serving of one wim, This 
joint is very rigid, and probnlily usually much weaker than lite 
unjoined conductor. The other mode of joining ia &b followa:— 
Two or raore twiBtH are put into one or both of the ends to \Ky 
joined by coiling the core or cable on the floor, the strandii of the 
conductor are now Be]>arated for a abort length on e^cb side, the 
ends of the wires on one side are separately joined to those on 
the other by a Bimple scarf without binding wire, and ao as to 
break joint, the two or three extra twists put in by coiling are 
then concentrated in the joint. This joint is superior to Ite ' 
scarfed joint, but it takes a greater length of conductor, aaAJ 
beuce innkes a longer joint in the inaiilator ; its stT«ngtii is dwl 
in a, great nieasui-e to friution, hence the joints in the aii^M 
wires should be at least half :in inch aparL It is more flexibtafl 
than the scarfed joint, is better auiMd to a conductor of thraM 
thun one of seven wii«s, Find is not applicnble to ii conductor 
oonaisting of a tliick central wire anrroundod by a number of 
thin wires. The scarf joint is more commonly employed. Au 
excellent joint mijjht be made in a stranded conductor by aimjilv 
laying the wires tof;ether so as to break joint (as in splicing 
cable guards), and soldcviiig the whole length of the sidice. 

449. Cables are coiled so as to put an exti-a twist into them, 
this is taken out in uncoiling, and the cable is laid thereiort- 
in the state it left the spinning machine; but it reaches t lie 
bottom with a slightly less twist when laid in deep water. 
Cable core is in some eases tested by subjecting it to pressiuv 
under water, the pi-essui-e to which it will be subjected in tlii- 
sea or a more intense pressure being ]iut on it for a time and thi' 
effect on insulation noted, generally the core is first subjectei! 
to a iwrtia,l vacuum ; but nltliougli of gi-eat importance to discover 
the effects of pressure in tlie tirst instance, the practical value of 
such testing is very doubtful. Gutta-perclui cables covered with 
iron guards if once wetted must be kept under water, as the 
lieat developed by oxidation of the iron is so great as to sofli'u 
the insulator, and injure the cable. Gutta-perclia cables are 
usually ke^jt inider water, and are kept under water in the ship 
from which they are laid. Cables of Hooper's material are not 
liable to injury from heating, aj)d they may hence be exported 
dry without fear of injury, tliis ia a soiirce of economy; the cable 
is coiled on board ship, the coils being merely separated by 
J>lanks, but g\iH.iV\ierc\ii\ c».\i\e diouLd be jMcked in water tauk^ 
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The sites of cables should be marked bv masts carrying discs, 
flags, or other signals, when it is necessary to warn vessels from 
anchoring too near; in India the sites of river cables are marked 
by small masts carrying discs painted red — notice boards on each 
bank and at any landing place or market near explain the mean- 
ing of the signs and warn the boatmen ; this is found sufficient, 
as the result of catching the cable is always inconvenience, and 
with boats frequently the loss of an anchor. 

Section V. — Fittinga and Arrangemeiit of Offices, 

450. Underground wires are connected directly or by covered 
wire with the commutator or testing board; overgi'ound wires 
are stopped at the terminal insulator, and should be brought 
under shelter by well insulated uncovered wires, as covered wire 
does not bear exposure, and unless frequently renewed its 
insulation cannot be depended on. The wires joining the line 
outside to the wires inside the building are termed the leading 
in wires, they are usually of thin wire (12 to 18), and insulated 
by small insulators similar to those used on the lines but smaller. 
Office wires are mostly of copper, but iron wire is sometimes 
used and might be used more commonly; the objections to its 
use are its greater rigidity and the greater difficulty of cleaning it; 
for covered wire copper is as a nile better. For short circuits, 
as in the small offices in towns connected with local lines only, 
wire covered with cotton may be used ; for connections with long 
lines covered connecting wires should be well insulated — gutta- 
percha is used to cover these in tempei*ate climates, but in 
tropical climates gutta-percha is inadmissible and India-rubber is 
used. Well varnished cotton might in some cases be used with 
great economy for fixed wires. Thinly covered wires only are 
I'cquired for office connections, it is not necessary to put on the 
thick coating of the insulator sometimes used for underground 
wires; a thick coating increases greatly the cost of the wire and 
the volume of the wires, the latter is an important consideration 
when a great many wires have to be fitted. For battery wires 
and also for other wires on short circuits, or when a very high 
degree of insulation is not attained on the lines, uncovered wires 
may be used, insulated by small rings of white porcelain; but it 
is difficult to dispose of uncovered wires if numerous, hence 
thinly coated wires are preferred, and when a great many wires 
have to be disposed about a building these are more economical, 
as they can be tied in bundles, and then occupy comparatively 
little space. Uncovered wires may be used most economically in 
small offices having very few circuits, in which the wires caa ho. 
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conveniently fistxl to tho walls ou wowlen li&ttens. For eaitii'1 

wires uncovered wire may be used, for lightning diEch urgent and J 
when to be laid on the floor, strips of sheet copper ai-o very oonva- 1 
nient. All wires should be joined by soldered joints as far as pnto- 1 
ticable, binding screws are expensive and the contact is inferior; 
permanent twisted unsoldered ioiuta ought not to be permitted. 
Joints which have to be opened itre joined by binding screws; a 
piece of copper with a slot in it to receive the screw soldered to 
the end of the wire, is better than bending the end of the wire 
round the screw when a contact has frequently to be opened. 
Hooks on wires to pass round binding screws should be right- 
handed, ill order that they bo not opened in screwing down tho 
nut. The ordinary bellhnngera' joint is used to join copper 
wires. Wires when few may be iixcd to the waits so as to be 
visible, but it is better to lead tliem nbout a building by tying 
them in bundles or cables properly labelled, and enclosing them 
in troughs or tubes, or merely placing them under the floors or 
along the walls. In Europe and America the wires are generally J 
hidden away and cannot be got at excepting by a corpentt^^ 
taking up the floors, &c.; in lurlia the wires are arranged to be 
accessible throughout their whole e stent for inspection: the dif- 
ference in practice is due to the fact, that gutta-percha used for 
insulating the wires is very durable in Europe, many wires in 
otEce connections are apparently perfectly preserved after four- 
teen years »ise, but in India the wires covered with gutta-peixha 
were quite untrustworthy, and the frequency of faults in the 
wires rendered it necessary to have them accessible; India- 
rubber used at present is more durable. In Paris the wires are 
made into cables, one cable leading to the instruments in each 
room ; in England the wires from the connection board are made 
into a cable, and from this small cables bi'anch off in different 
directions, the whole being placed under the floor. In the Berlin 
office tho wires arc brought in as cable, but in the instrument 
room they are all visible — they are uncovered anil supported by 
brackets on the instrument tables. Wires made into cables are 
less liable to injury, the covered wires are simply placed together 
and well served with tape, which in the case of gutta-percha 
covered wire is soaked in Stockholm tar. The practice of mak- 
ing the wires up into cables would be found very suitable for 
tropical climates, as it would tend greatly to preserve the insu- 
lating material, to protect the wires from mechanical violence, and 
render it easier to arrange them about the building without 
making them inaccessible by placing them under the floors, and 
tbiB mode of disposing wires is cheaper than fixing tbem against 
vaJIs separately. Cov«te4 coraiwS.TO^vtires should be protected 
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from the light when possible to increase their durability; if 
tarred or painted the tar or paint should be occasionally 
renewed. Although not usual in temperate climates, in tropical 
climates it is very advantageous to have the wires or cables 
accessible throughout their whole extent; but it is better to 
prevent accident than provide means of discovering faults, hence 
it is preferable to make up the wires into cables, than to leave 
them loose or ^x them separately, particularly when they are 
very numerous. In making wires into cables they should be 
placed parallel not twisted together, and they should be classi- 
fied — e. g,, the wires for each room may form a separate cable, 
or the battery wires may form separate cables from the line 
wires; the wires in a cable may differ in size, those for different 
purposes differing in size and being thereby distinguishable 
readily. All wires should be numbered or labelled at each 
end for convenience in testing them or altering connections. 
Connecting wires should be as shoii; as practicable. 

451. In some offices large commutators are used, in others the 
commutator is replaced by a testing, terminal, or connecting 
board; in the new offices of the Western Union Telegraph 
Company (America) is a commutator, probably the largest in 
existence, it is in three sections, forming each a separate com- 
mutator, each section contains 54 upright straps; the whole 
arrangement provides for 132 wires, it is 3 feet wide, 12 feet 
long, and contains 16,000 pieces. In India commutators are 
used, but the largest provides for only about 12 lines. In 
England commutators are not used; in the central office at 
London one large testing board is used, it will provide for 800 
lines, and consists of a flat surface of woodwork carrying screws 
arranged in pairs, one of each pair being connected with the 
lines, the other with the instruments ; a row of knobs projecting 
from the board serves to support wires used for making trans- 
verse connections, for which ordinary covered wire is used. In 
the battery room smaller connection boards are used. In the 
central office at Paris the line wires are brought into one room 
to a set of binding screws arranged in a large circle on the wall; 
another set of screws arranged in a concentric and smaller circle 
is connected with the instruments, and these two sets of screws 
are connected by wires arranged radially. The battery wires 
are brought to a line of screws, and connected by uncovered 
wires in porcelain rings to a second set. From the rooms con- 
taining the. arrangements described the wires are distributed to 
the instrument rooms, those for each room are made up into a 
separate cable; the instruments are distributed over many rooms, 
in each room is a small connection board having two vertical 
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rows of binilmg screws, one connected with the lines, the other 
with the instruTaent)), the (^onnectiona aro made between theM 
two rows of awewB by fleitible condnctora covered with vulcanised 
I nd ill-rubber and of suitable length. In the Berlin office a ctan- 
miitfttoi- is used providing for 96 linea. The commutator ia very 
useful for a amall number of lines, not exceeding pcrfaapn 10; 
when lai-ger it becomes inconvenient and unnecessarily expensive, 
and the conoection board appears more convenient. The oom- 
mutator provides more than is required, it appears useful fcir it 
largo number of lines only when divided — i.e., the iiiBtruments 
being ari'unged io gi-oupa, a separate commutator is used for etu:li 
group. The arrangements in use in London and Paris appear 

Eroferiible to the use of large commutatora. When a, testing 
□ftrd is large, to enve trouble in tracing connectiocM all cross 
connections should be labelled at enci) end. On testing boards 
all orosR connections are recorded as made, and at a certain hour 
every day they are either taken off, or the reason for leaving 
them on is recorded. The arranguaent of the Paris office seemB 
to oiler many advantages over the use of one large testing boEted, 
as the long wires used for mnking cross connections are disyiensea 
with, and the jirr.iug-.'nii.'Titu oiiii \-v s<>on wiiliout tracing oui v.m- 
nections ; but in the case of a large number of lines, as in the 
central office, London, this ])lan cannot be carried out. 

452. In Euro])e the protection from lightning is not required 
to be so perfect as in India; in France and Prussia point dis- 
chargers are used at each instrument; at Paris the lines as they 
enter the town pass througli a small building in which a set of 
discharges is an-angeil, the same building serving for testing 
purposes. In England the smnll grooved plate dischai^erg are 
used. In ludia large surface grooved [>late dischargers and thin 
wires are used, those are covered with glass cases and are open 
to inspection; a point is frequently attached to the line and 
brought near the tciininal post, a copper disc is soldei-ed to 
the latter to i-eceive the spark. 

453. It is common to have the instruments arranged either in 
one or several large rooms, a large number of instruments when 
possible being iilaced in tlie same apai-tment; an exception to 
this is seen at I'aris, the ends of the lines are brought into one 
room, in this room there are no signalling instruments, hence 
any examination of the Hnea can be carried out in this room 
without disturbance, and without interferijig with business ; 
from this room cables lead to many other rooms, and instead 
of a very few large rooms the instruments are arranged in small 
TooiOB, each room containing a convenient number of instruments 

properly classified geo'^tn^hically; a chief clerk has charge of one 
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or more rooms. The distribution of instruments over several 
rooms rather than massing a large number of them in one room 
has many great advantages; the signalling clerks are more under 
control, the arrangement of connections simpler, the noise and 
apparent confusion are less, messages can at all times therefore be 
received by sound — testing and other technical operations being 
carried on in a separate room interfere less with the business of 
despatching and receiving messages, <Src. At the central office at 
London all the instruments are in one room having an area 
of 20,000 square feet, and containing two-thirds of a mile of 
mahogany tables, the number of clerks employed is about 1200. 
Having inspected many offices, the author was struck with the 
absence of noise and the other great advantages of the arrange- 
ments at Paris. Instruments should be arranged geographically; 
:it translation stations instruments working together in " trans- 
lation" should be conveniently placed for the purpose. 

454. Batteries should be arranged in a separate room from 
the signalling instruments whenever practicable, they are best 
arranged on shelves made of wood well soaked with drying oil, 
when numerous they are usually arranged on racks or frames of 
oak, teak, or pine. The battery room is most conveniently 
situated when in the basement of the building. Soldered con- 
nections should be used as far as practicable in i)ieference to 
binding screws. 

455. Testing apparatus is usually arranged conveniently near 
the connection board or commutator, it should be connected by 
|)ermanent wires in such manner as to be available at any 
moment. It is better to have the testing arrangements in a 
separate room from the signalling instruments. 

456. Messages are conveyed about the building in small offices 
by hand, but in large offices tubes containing small buckets are 
very commonly used between different stages. In London, 
messages were formerly conveyed about the building by endless 
bands of tape kept continually moving, and the message was 
.simply inserted between the bands, by which it was then con- 
veyed and shot into a small tray in the part of the building 
where required. The system of endless bands has now been 
superseded by one of pneumatic tubes; short tubes are laid, 
they are controlled from one end only, and by this means the 
messages are conveyed between different points in the instru- 
ment room. In the Berlin office messages were (1864) conveyed 
between different stages by tubes, the carriers were caused to 
ascend by pneumatic pressure produced by a man acting on a 
pair of bellows by means of his weight; the tubes were polished 
inside^ and the carriers were covered with chamois leather and 



iOS TELEGRAPH COXSTBtCTlOX AKO MAirH'ENASOE. 

fitted t}ie tube loosely. Pigeon holes and haxes to contua' 
iDesaagcB at the BigniilUng inatrutnents should have covers of 
gksB or be simply cngea of wirework, the latter serve tW 
purpose very well ; the object of these prficftutions is that t"- 
ine!>KHSPs may be seen uud not be overlooked. 

457. In genei'al the furniture should he stroug and not likdy 
to Imrbour dirt or insects ; solid wood well polished is the he«l^ 
and baize and leather table covers should be avoided. Some- 
times sevoral insti-uments on the sums table are separated froix 
each other by glass sci-eens ; these are tnconvenieut, but u sinjil] ■< 
batten three or four inches high ina.y be used with advautugti. 
Separate tables are perha|is the beat for terminal stations, for 
ti'n.nslation stations each table should carry two instvuments. 
Commonly several instruments are placed on one lai^e table. 
The tables should be large enough to allow about 9 square feet 
to each signaller. All instruments should be well covered u]i 
from diist by glass coveii;; commutators, tfisting apparatus, light- 
ning dischargers, &c., should be enclosed, preferably in glaz«4^ 
cnnca. The ventilation should be good ; as the men have toM 
work all night, it shoidd be provided for without druaghts; tt^ 
should not bp under (■nnlrol of the clrikN. 

458. Plans should be made of all large offices, shewing the 
disposition of the instruments, distinguishing the kind of instru- 
ments, shewing the positions of the several tables, distribution 
of connecting wires, Ac; for small offices iaoraetrical projections 
may be used to exhibit these details. These plans are usually 
tiled in the office of the engineer in charge of the section, but 
they are useful to the clerk in charge, and are particularly useful 
to a stranger assuming chaise. Traffic routes, i-epresenting the 
lines round the office and contigtious offices in a conventional or 
ideal di'awing, are also of great utility. Tlie lines of a system 
are tisually distinguished by numbers. Sometimes the whole 
telegraph system is divided into sections, each section is a length 
of line between two important towns usually having mucli 
through traffic ; to the section is given a distinguishing number 
by which the circuit is known at every ])art of its course, and by 
which it can be referred to. Sometimes one or both of tlii- 
termini are mentioned with the number, but the number is 
sufficient. A. list of the numbers of the circuits is printed ; it 
gives particulars of the route of each and other particulai-s, and 
this list is revised from time to time as new circuits are added or 
old lines dismantled. Tn England the circuits communicating 
with the central office have each a distinguishing number, given 
by the authority at the central office, and the same authority can 
alter or modify the ckcwits, such changes of designation being 
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binding on other offices. When the instruments are nnmerous, 
at each one is placed a label stating the number of the circuit, its 
other terminus and offices, and the manner in which the lines 
are ordinarily connected at each of the latter, as ''direct'' or 
" translation." The distinguishing number given to each circuit 
is kept by this circuit irrespective of variations of gauge, position 
on posts, Ac; it refers to the particular circuit, and particularises 
the whole of the circuit. If a portion of one circuit is inserted 
in another this does not become part of the second circuit, it still 
retains its distinguishing number ; the new disposition of the 
lines is carefully recorded, and within 24 hours the wires of the 
two circuits are either separated, or the reason for allowing the 
temporary arrangement to continue longer is recorded ; as early 
as practicable the circuits are separated. If however, one section 
of a circuit be fleiulty, and it be necessary to make a permanent 
alteration, such alteration is made and the circuit is reconstituted 
by order of a central authority, it being necessary to confine such 
powers to one central authority to prevent confusion. The lines 
on each post are known by an arbitrary system of numbei's, but 
this merely distinguishes the position of the line on the pole. 
As, however, lines usually maintain one relative position on the 
poles throughout their entire length between two contiguous 
stations, when few in number the circuits may be distinguished 
between such stations by the numbers representing the relative 
positions of the wires on the poles ; but these numbers must not 
be confounded with the numbers distinguishing the circuits 
when a separate set of numbers is used for this purpose, the 
commonest case in practice. 



CHAPTER 11. 

MAINTENANCE AND ORGANISATION. 

Section I. — Repairs, 

459. Repairs may be classified as those to prevent inter- 
mption of telegraphic communication and those to restore com- 
munication when interrupted by accident. Work of the second 
class is reduced in proportion as that of the first class is well 
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(lone ntnl poasible causes of aci^idetit foreseen aad provided 
iigiiiiist. For work of the second clasa an establialimcut mnst 
bo I'ver in reftdineHB, tlie took must be of the lightest and moat 
portable description, materials of certain kinds, as insulators nod 
wiiv, must bo readily accessible, and the work miiBt be done 
quickly, regardbss of ita cost and durability ; any Icmporaiy 
ex|H'dient is adnuKBible, the inatpriala used may b« p«mbftb)«> 
or borrowed for tlie occMstou; and genendly the ne«eiwity for 
rapidly restoring wmmii mention renders the work more oostly 
and makes it necessary to do the work over again in » yet- 
mancut manner, bo that the cost of such repaira is loss — r,*., uo 
permanent advantage is purchased — e.g., a lino damaged by a 
Btorm may be repaired quickly by buying bamboos ou the aptit 
for posts, making unaoldereti joints in the wire, dispensing with 
insulutora, perhaiis inserting maty wire or thin copper wiiv 
in the line, ic. ; on the arrival of muteriala nil the work of 
recoil atraction has to be dunn over again, and the materials pur- 
diiuteil for Uie temporary purpose aro perhaps rfirown away, not 
being saleable or worth carrying away. It is manifest ropoita nf 
the second cinas aro unprofitnble, and however abort the inter- 
ruption of CO m mil ni cation, it is far more economical to prevent 
accident as far as possille than re]>air damage quickly at any 
cost. Interruptions damage a line commercially and cause a 
direct loss in tmtlic receipts, hence no pains Khould be spared to 
prevent them by imticipation, 

460. Materials for rej)airB should be carried or stored at 
intervals ; insulators ai* most often required, ivod a few should 
be distributed at villages, towns, cable huts, police stations, &e., 
for emergencies, every 10 or 12 miles is near enough for depots, 
and 2 per cent, is a sufGcient number on an average ; a small 
quantity of wire, a few bracket bolts, and other simitar small 
stores, should also be deposited. In constructing a line a few 
articles are usually left at depots, but the quantities should be 
kept down, and the greater part of the surplus stores should be 
kept at the telegraph offices; a few posts and 2^ to 5 per cent of 
wire should be held in reserve. At long river spans a second span 
wire should be stored near the span for use in case of emergency. 
If many short river cables oucui- near each other a reserve c-.ible 
may be kept to provide against accidents. As a rule a working 
jiarty rei>airing a line should be fully provided with an assort- 
ment of every description of article used on the line, and should 
bo prepared not only to do any slight repairs, but to reconstruct 
or alter any short section of line, so that no defect of any kind 
nmy be left to be repaired at a future time. As a rule it is 
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cheaper to cart an assortment of stores than allow stores to be 
deposited on the line for future use, for if the materials are 
actually with the party there is no excuse for postponing the 
execution of work, and the cart is usually necessary to carry 
the men's luggage. On railway lines smaller quantities of 
material may be carried, but even in this case a complete assort- 
ment should be can-ied from station to station when a line is 
to be thoroughly repaired. Heavy tools should be deposited at 
dep6ts on the line, if there are any cable huts or other con- 
veniently situated and secure means of storing them; ladders 
should be rather left at line dep6ts, as they are inconvenient to 
carry. • For permanent work heavy tools should be used, for 
restoring communication light portable tools and very light rope 
and blocks; the whole should be carefully packed for use at any 
moment, and on no account should light tools be used for per- 
manent repairs — firstly, because they might be missing when 
urgently required ; secondly, because they are quite unsuited to 
heavy work, and if used for such are soon rendered unserviceable. 
The percentage of stores of each kind which must be held in 
reserve depends on the circumstances of each case, and should be 
found by experience; if insulators are removed as soon as they 
are cracked however slightly, 5 per cent, is not found too large 
a percentage in India for ordinary fiat country stores being 
issued once a year, this leaves a small percentage always on 
hand; the consumption may however reach this figure, and on 
hilly country exceed it. The insulators are presumed to be 
hooded. 

461. As a rule inspection of lines, without the means of im- 
mediately remedying the defects discovered, should be avoided 
as a source of expense. Lines should be periodically examined 
and every defect, however slight, removed. The inspection of 
long direct lines should not be made by regarding them fi*om an 
adjacent road ; men with ladders should examine every insulator 
bracket, lightning discharger, contact wire, post, stay, &c., every 
pole should be examined for soundness if of timber, fiisteningi^ 
should be looked to, and the examination should be thorough. 
The inspecting officer should as a rule be accompanied by a suf- 
ficient number of men, and furnished with tools and materials to 
at once remedy any defects discovered ; every broken or cracked 
insulator should be removed, the nests of insects, particularly such 
as those of the termes, certain ants, and the mason wasp, should 
be removed firom the insulators, no discovered defect should be 
left unrepaired, the repairs should be executed under the eye of 
the inspecting officer if possible, and to prevent him being un- 
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duly 'Ictnined he sLould be iMJcompauisd Uy iiiU-lligout foromen 
ill orili-r to employ n due mimber of men. Jn genersl tbe taea 
eIio\ild bo in small parties or single, but when any alt«ratioii or 
other work wquinng a lai-go gang baa to be doiie, they work 
together, An economical plan, wheu practicable, is to slightly 
increase the pay of sevenil of the most inteUigent workmen, wid 
ciujiloy them to superintend ; by this meana » large party of 
workmeu may be employed t^couomically aud the work done 
very 'jtiicfcly. A close network of lines in a country well covered 
with loads and railways may be kept in repau" by a jwriniuieiit 
staff of foremen and labourers; in thia case the necessity for 
itctually repairing the line under the personal supervision. cdT the 
engineer does not exist, as the work may be readily inspected at 
any time ; but more fre<iueut inxpection is necessary in this caa*. 
us i^inull defects mHiy be left unrepaired or tbe executioo of 
rfliiiini may be postponed fi-oni time to tiran. 

462. The idtimate check ujwn the work is inspection by » 
competent officer ; the expenditure may be controlled by bong 
estimated beforehand, and by insisting on a xanotioned eatiiDlM 
for every work. The only check on the justice of expenditon 

nnd its neccnsity, is the experience uf tlic ciigiuecra cuntrullliig 

the work and personal inspection. 

463. The execution of i-cpairs docs not differ from construction 
BO as to call for siwcial treatment, it b frequently very trouble- 
some to repair multiple lines without seriously interfering with 
traffic 1 in hot dry weather a line may be laid on the grotind for 
H long distance without stopping traffic, tliis can seldom be done 
iu temperate climates, but is general in Tudia. Before removing 
ties or stays for rep;itr or cutting out pieces of line, temporarr 
sttiys or a temporary line must bo erected ; strong pickets are 
used as temporary anchors, and the straining tackle is used as s 
temporary tie, the load is taken off the ])ermanent tie by haul- 
ing on the tackle fall. Not ouly should faults be remedied, bnC 
tlieir causes sought out and remo\'ed— e.3., if ft tie at an angle is 
found loose the clnnip may have slipped down or the anchor 
may have drugged; if the tie be tightened without removing tht 
original cause, it will become loose again and ultimately perhaps 
fail by dragging up the anchor or otherwise. The sites of 
faults which have resulted in interruptions to communication 
should be examined, and alterations made if necessary to prevent 
faults in future. The work done to restoi'e communication when 
interrupted may in the first instance be of a temporary character, 
but the man who executes the temporary work is responsible for 
making it permanent, for soldering all joints and restoring the I 
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repaired portion to its original state ; if beyond the power of this 
man to do the work permanently, he should guard the temporary 
work and be held responsible for it until the officer in charge 
can have the repairs permanently executed. Temporary work 
should never be permitted to remain on any line longer than 
necessary to make it permanent, and all work done after inter- 
ruptions should be carefully inspected and the responsibility 
strictly enforced. Carts or tnicks are as a rule necessary to 
carry tools and materials, and the men's kits should be carried 
for them. The inspection of railway lines from trains is not 
permitted in India, excepting to find faults which interfere with 
traffic, such inspection is very properly regarded as useless for 
other purposes. To restore communication on a railway line, 
it is merely necessary for the man to proceed until he passes tho 
fault, alight at the next station and return to the fault; but 
-when several faults exist, as sometimes on an Indian line after a 
cyclone, then a superior officer, with a party of men supplied with 
tools and materials, inspects the line, and at the station after 
each fault one or more men with proper materials and tools are 
left behind, and the whole line is inspected. If a fault has been 
localised by testing, the party despatched to repair it proceeds 
direct to the spot indicated. 



Section II. — Organisation, 

464. The establishment entertained for keeping lines in work- 
ing order is organised either according to one of the two sys- 
tems described below, or each system may be partially adopted. 
Under one system a small establishment of workmen is era - 
ployed permanently to restore communication, patrol the lines, 
and execute all repairs as they become necessary over an allotted 
section of line or district; under the other system only the 
supervising officei*s and one or more artizans at each town or 
station are employed permanently — the former direct the work- 
ing of the lines and direct repairs periodically; the latter are 
ever in readiness to restore communication when ordered to do 
so, employing labour on the spot or as near as procurable. Some- 
times these systems of organisation are mixed — thus, the lines 
may be regularly patrolled by a set of men charged with the 
duty, of executing petty repairs and reporting defects, gangs of 
men, employed permanently or temporarily, doing all other 
repairs periodically. Each system will be seen to have its 
merits. Under the first the lines are i>eriodically inspected and 
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Rre preauned to be iMpl in repair, each little fault being repaired 
as it occurs, and interruptions are prevoited by the frequent 
inapectiona; under the other Bystem the labour employed is kept 
very low until actually required, and the establUhmeat may be 
cuarmously increased immediately auch increaee is necessaiy — 
tbuB the coat of labour is kept down to its lowest ponsible limit, 
iinJ aa the repairs are done periodieally by large gangs of men 
under highly instructed superintendence, they are better and 
iiiore economically executed than yrhen dono from time to timi; 
by workmen whose authority to expend money and stores must 
bfs very strictly limited. One thorough inapoction under Btriet 
siiper^'ision is more useful than many several inspections made at 
sliorb intervala; for when inspection is made frequently there ia 
:i tendency to make it less aearohin^, and to pass over slight 
defects. The lines are in all caaea divided into sections arbi- 
ti-arily termed districts, diviaiona, &e.; these may be subdivided, 
iiiid tbo sab-sectious suitably designated. The object of ibis 
ilivision ia to fix responsibility. In some administratioas the 
ti-afiic is carried on by one staff and the engineering detoilK hj 
iinother. and these duties are kept absolutely distinct ; in ollitT 
nd ministrations tJie divisional engineers supervise the traffic and 
■(■very detail within their divisions, and are resi)onsible for both 
ti-nflic and engineering, Tiie best system on which a maintenance 
and traffic establishment ahonld bu organised must depend on 
the distribution and mode of con.structiott of the lines, on the 
means available for the ra])id carriage of labour and materials, 
OH tlie supply of labour procurable on emergencies, on the 
lionesty of the workmen, the climate, *c. ; and in any pai-ticular 
t-nse the establishment should be organised in accordance with 
ri'']uirements, and no particular system strictly adlunvjd to. If 
there be separate superintendence for ti-affic, for accounts, for 
<'ngineering, &c., men are answemble to several pci'sons at the 
same time, detjiila are arranged without reference to the total 
work required of each individual, and it is evident that either 
there must be multiple superintendence and consequent absence 
of economy, or the local authority must be weakened ; hence its 
H rule there should be division of the lines into sections, the 
officer in charge of each section being responsible for etefj 
<]ctail of execution and administration within his charge, form- 
ing a channel of communication between his subordinates W 
the central or superior authority, examining into the justice rf j 
complaints personally, and generally representing the centiJ j 
fltithority locally. The unit of charge may be lines and offices I 
ill a particular town, a certain length of line and the offices »" I 
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tliis line, or a very large office ; but as a rule it is productive of 
inconvenience to sepai^te i*esponsibility for the lines from that 
for the offices, for if communication be unsatisfactory there may 
be difference of opinion, the line officer blaming the office 
arrangements, and vice verad. The local officer need not neces- 
sarily perform all the administrative labour of his charge ; thus 
the accounts may be forwarded to a central office for compilation, 
the traffic may be checked by examination of the messages by a 
special official, <kc., care being taken to relieve the local authority 
as far as possible of excessive administi-ative work ; but the local 
authority alone can by personal investigation fix the resiwnsibility 
for abuses, enforce economy in expenditure, ceiiiify to the honesty 
of the accounts, <fec. Estimates for repairs, for office establish- 
ments and materials, sanctions for the purchase of stores locally, 
Ac, should be countersigned by the local authority. In a largo 
office forming the charge of a local authority, the labour and 
responsibility may be divided under three heads — the technical 
details, the traffic, and the purely administrative — the latter 
including the receipt and payment of money and the i)repai'ation 
of accounts. When many employees are necessary the economy 
of this classification is very great, for signalling and mere 
clerical labour are very much cheaper and more abundant than 
electrical and mechanical knowledge and skill, and very few 
persons are sufficient to perform the purely technical duties in 
the same town or office, whereas a groat number may be required 
to perform the labour under the other two heads — e. g., in the 
central office in London 1200 signallers are employed, to insist 
on electrical knowledge and mechanical skill in so many is quite 
unnecessary; the technical arrangements are in the hands of a 
very few highly instructed officers and skilled mechanics, the 
signallers are mere clerks, technical knowledge beyond sig- 
nalling is not required and consequently not i)aid for, the 
economy of this arrangement is obvious. It is highly desir- 
able that the officer in charge of an office, however small, should 
know sufficient to at once remedy any defect in his connections 
and batteries, and understand the causes and nature of the acci- 
dents to which the appai*atus is liable, but this knowledge cannot 
always be obtained; hence in some cases the offices in large 
towns are in charge of clerks entrusted with the clerical work 
only, the technical arrangements are in charge of a sei)arate 
staff, and in case of derangement or any defect in the lines or 
office, the clerk in diarge of the office communicates at once 
with the office of the engineer either by wii'e or messenger. 
This kind of arrangement is common in England, but it is only 
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practicable when there are many offices in the same town, a; 
when there are fftcilitieB for mpid travelling. When tiimM 
offices are distant from each other and the facilities for tmveUi) 
rapidly do not esist, the officers entrusted with charge of t 
busineas of the office mnst be able to take chaise of the technical^ 
details also; this is the case in India. There no one is eiitnisted 
with charge of an office who does not thoroughly understand the 
technical details; in case of accident to the lines the signallera 
are competent to go out and find the fault by cutting in on the 
line; several of the telegraph masters (clerka in chaise of offices) 
display considerable knowledge and skill in testing the linea 
l)eriodically and localising faults from the office. In every small 
office having only two clerks the second clei'k ia comjietent to 
take charge in case of illness of the first. It is manifest the 
system iised necessai-ily in England cannot be used in India, 
where the offices are commonly a hundred miles apart, under 
these cLrciimstancea the officer in charge m^iat {)erfomi the whole 
duty technical and otherwise of his office, and as he may bo ' 
isolated from his superior officer, he must be not only weS t| 
instructed in his duties but intelligent; hence it is neceasary 
to educate a staff for the [mrimse. In lai-ge tjwiis in must 
cases ft class may be employed who are content to forego claims 
to promotion, higher pay, &c., on condition they be not tmnsfen-ed 
and not required to study technical matters; the employment of 
this class is genei-ally economical, and is therefore common, but 
as already explained it is limited. For keeping the lines in 
I'epair an establishment of engineers and foremen must ba 
permanently entertained to prepare estimates, supervise work, 
make periodical inspections, and genei-ally perform all thn 
superior functions t-saential to maintenance. The local autho- 
rity already referred to may supply engineering knowledge, 
prepare estimates, periodically inspect lines, and superintend 
extensive repairs; the labour may be permanently entertaine<l 
or employed as required. When the lines are thinly spread 
over a vast area, as in India and Asia generally, where work 
can only be carried on for five or si.v months in the year, labour 
can generally be obtained as required, and the rate of travelling 
is commonly slow, the employment of labourers in targe numbers 
as required is most economical ; generally many of the same men 
may be obtained every year, particularly if the shar|>est are 
somewhat liberally paid. When a very great mileage is confined 
to a relatively small area, well furnished with facilities for rapid 
ti-avelling, and work can be carried on all the year round, » 
permanent eatabUsbment of labour is more economical; this is 
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particularly the case in large towns where the lines are con- 
Btructed in various ways, skilled mechanics, as carpenters, 
smiths, <&c., being required to repair them. For restoring 
communication accidentally interrupted some men must be 
always in readiness to act at a moment's notice ; if a permanent 
patrol establishment of workmen be entertained, each man or 
gang having a short section of line to keep in repair, this 
establishment executes urgent repairs on receipt of informa- 
tion from the nearest office; in large towns where a central 
permanent establishment is entertained this establishment may 
restore communication. In India one or more men are attached 
to each office according to the number of lines, facilities for 
travelling, &c., and this is the plan generally indicated when 
the offices are very far distant from each other; in the latter 
case labourers are engaged near the site of the work. To large 
offices, such as those of London and Paris, a workshop and 
skilled mechanics are attached for executing repairs, cleaning 
instruments, &c As a rule the less instruments are interfered 
with by the clerks the better, for this reason it is more economi- 
cal to allow spare instruments in large offices, than suffer the 
instruments to be taken to pieces by unskilful hands. Cables 
when numerous are usually kept in repair bv a separate estab- 
lishment. 



Section III. — Hints on Camping^ Labour, d:c, 

465. The following hints apply more particularly to India, but 
are more or less applicable to other countries, especially such 
as resemble India in the nature of their communications, tht^ 
inferior civilisation of their inhabitants, &c. For telegraph 
work tents should be light and portable ; heavy tents, difficult 
to pitch, are inadmissible, as they have to be moved frequently. 
Single pole tents are proportionally lighter than other forms, as 
will appear on calculating the superficial area of cloth in each 
case ; the single pole tent is less liable to fall, and if well made 
and well pitched it will stand any storm, if it has not verandahs 
or other cloth arranged so as to catch the wind. The commonest 
tent in India is the hill tent, a square plan tent ; it is more con- 
venient than a circular tent, but in the latter the strain is more 
equally distributed, and this form is more easily pitched cor- 
rectly. A tent should be simple in form, and the pegs should 
be placed regularly — Le., at equal distances from each other and 
from the pole. In pitching it is better to put all the pegs in 

2e 
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first by means of a simple metisnnng cord, and raise the polit and ' 
cloth afterwords. Fur servniits and labourers the bell tEDt l4 ' 
probaLily the bcutt form, as althouglv leas commodious it cnnnot 
be badly pitched, aiid is far legs likely to be damageJ by wiud 
than tbo rectangular plan tent (or p&/). In the Indian army the 
p41 tcut is used, in tlie Engtish army the bell tent ; the iatwr 
ajipeara in actual use more economical, although lose so in first 
cost. In a tropical country a tent rtKjuirea to be open on all foot 
sides by windows or doora, or it may be lilted up from the 
bottom. Tants for use by Eni-opeana in tropical climates must 
have double roofe, or they may be pitched under Iroes. In 
AuNtrnlta a teat of calico is sontetimes used weighing onlf I 
40 IhK. The best materiul for iciiU is tiubleached imttnnjJ 
caiivus is very nnsuitablo for use iu India, as it rots vury'l 
rapidly; a good cotton teiit will tost four timea as long'ns*^ 
canvaa one. Tent ropes should be of cotton, if of hemp tii«f- J 
shrink when it rains und draw out the peg& ; if hem|>en ropeS;fl 
be iisi-d they must not be drawn taut. If bad weather bin 
expected tbo pegs should be tightened and the {>riDei]wi1 ropei" 
re-tied. A high dry spot not far (mm wnlcr i.i t)ic healtliii'sl, 
but if working iu hot WRather or during the monsoona, shclt*'ivil 
camping ground must be found if ]K>s»ible; trees, banks, hills 
&c, break the force of the wind. The camp sliould he spr«i<l, 
and tliHis and coi)kiiig tents should 1m> kept at souke distance from 
the priiicijial tents. The best plan is to have one single polo 
douiile-roofed tent and one light single tent, the latter can be 
sent in advance, or used when transport is scarce or slow nuil 
the heavy tent cannot be brought up ; the light tent may bo 
used to sleep in, and during tlie morning or alter the sun lias 
gone down. It iit Iietti-r to camp near a vill.^;e than go into the 
villagi! or permit the men to stay in the village ; in camp tlio 
men are more punotual and less liable to contract ejiideiuic 
disease. Camp furniture should ho simple ; it is not rctiuired to 
pack very small, but must ]iack in a form which will resist 
rough nsiigc ; com|>licat«d articles should he avoided. Clothing 
should l>e paekeil in tin boxes. 

468. If work lia.s to be carried on for several months it is 
chenjier to bny bullocks and drays thiui hire them, but it is more 
troublesome. If ninnv carts bo used, and the wheels are badlv 
made and undislied, i^ extra ]>nir of wheels should be carrieil 
If tlio axles are of wood, sjiare axles should he carried. In 
Bengal bullocks are frequently galled Ixidly, this is not the case 
in Madras ; the explanation ap[>ears to be that in the latter case 
the yoke is not v'l^iOA^' &x.«,^ to the pole, but has considerable 
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play in every plane ; this play should always be allowed, and the 
yoke should be smooth, but not padded. Bullocks, horses, and 
other ordinary draught animals should be struck with a whip, 
never with a rigid stick, particularly over bony parts. An 
obstinate bullock which lies down may be made to rise by 
holding its mouth and nostrils, but such animals are worthless 
for draught. To try a bullock drive him with a light load in a 
cart with the wheels tied, if obstinate he will lie down. When 
roads are very bad a train of carts should be accompanied by 
extra men with tools. Pack bullocks do not wear a pack 
saddle; they have simply pads, horses should have a pack 
saddle, in any case the animal cannot work if part of the Ijad 
is borne on the backbone. Bullocks are used in India, Aus- 
tralia, and the Cape of Good Hope ; they are the most economical 
draught animals for long journeys. In a warm climate a horae 
should have a small saddle and saddle-cloth, no unnecessary 
straps, saddle-bags should be avoided, and even a revolver should 
be carried on the person of the rider rather than attached to the 
saddle. In employing lightly-built boats and canoes, the weight 
of the cargo should be distributed by battens, branches, or other 
means; a full cargo should not as a rule be permitted. 

467. It is of great importance to establish a good understanding 
with labourers of the country through which the line passes, as 
without this there is great diflSculty in getting labour. All men 
employed should be discharged quite satisfied. The officer iu 
cliarge of the work should, by seeing the men paid, or paying 
them himself, by hearing their complaints patiently, and by 
putting down sharply any attempts at oppression by his sub- 
ordinates, inspire confidence in himself. In general in India the 
people are very suspicious, easily deceived by one another, and 
if they are dissatisfied they go away, frequently without com- 
plaining, to spread discontent. Some races supply honester and 
better labourers than others ; from some races, if well treated, 
the most liberal service may be obtained for ordinary remune- 
ration, and this even from the common labourers ; labourers 
often of other races seem to be exercising their intelligence 
either to avoid giving an equivalent for their salary, or to 
get advances with which to abscond. Care should be taken to 
find out the class which furnishes the best labourers. In most 
cases work has to be commenced by making advances, and risk 
on til is account cannot be avoided when commencing work to 
last several months. When a large number of men are required, 
and they require to be paid in advance, if they are an untrust- 
worthy class the difficulty can often be got over by paying daily 
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for the day'a work; tbis plan should as a rule be adojit 
vllltigers ai-e required to cut jungle, the same men do i 
eveiy day, but by this means a full supply of labour may ofteB'J 
hs obtained for months when other means fail. Men emploje^fl 
for several months, and paid by the month, must usually be pi '" 
higher than men employed on railways and other wprka i 
requiring the men to travel; telegraph conatraction and repain 
is also harder work. Extra work should be paid for by a pre'_ 
sent (I), an excellent effect is prikluced by a small extra payment. 
If a luui is punished by fine or dismissal, it should be done in 
tlie moat public manner, and the other men should he made to 
admit the justice of the sentence, otherwise the culprit will 
spread a false report. As a rule, stoppages of pay should be 
avoided if possible, as there is commonly a suspicion that the 
officer wlio ia.ready to atop pay does it for his own profit. Ifot 
only must the men be treated with justice, but it is necessary 
they should be made to see and acknowledge tbis to allnj their 
suspicions; a little well-timed liberality is sometimes a source f>f 
great economy. If with fair treatment the men are difiicult to 
deal with, thm is probably due to some one amongst them, who 
should be found out and got rid of as soon as possible; firmness 
is absolutely essential, and the officer in charge must ensure thnt 
his authority is respected, and is the only authority acknowlcdgeil. 
To obtain punctuality is, as a rale, imix)ssible, the nearest obtain- 
able approach to it may be got, and then the clock or gong set 
accordingly, thus, if the men asaemble half an hour late, they 
must be diamisaed half an hour late. The most serious occur- 
rence is the appearance of sickness in a large camp, if epidemic it 
causes panic, and, as a rule, it is better to leave the work and 
commence the construction again at another place ; it is useless 
attempting to carry on work, for as soon as several deaths havi^ 
occurred the men become frightened and abscond; it is hence 
better to strike camp and move at once. The following are the 
commonest measures tu guard against diaeuse : — Carry a supply 
of medicines for the principal diseases of the country, let men be 
attended to as soon as sick ; in cold weather when engaging 
the men, give them each a blanket as part of their wages, 
to be returned if they leave within a short period ; allow 
them time to get straw for bedding whenever obtainable, make 
them pitch their tents instead of sleeping under trees, never 
allow men to work in the morning before eating, and as aoon 
as any disease breaks out see if it is not due to »inwhole- 
some food particularly new rice, and strictly forbid the use of 
SucJi. Men ■wlio iai\ sids fe.x ftom home cannot be neglected . 
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on the road, and their pay cannot always be stopped ; men who 
have worked well and are ill a day or two may be paid in full ; 
in general pay should be reduced in case of illness, and sickly 
men should be dismissed as soon as practicable. Work should 
be carried on during the cold season only — viz., from October to 
March ; if carried on during the hot weather or rains the cost of 
labour is greatly increased, as the task of each man must be 
reduced and sickness cannot be avoided. It is both humane and 
economical to confine work as much as possible to the proper 
season. Besides the ordinary tools in genei*al use, a box of tools 
for emergencies, and for mending carts and tents, making ladders, 
<&c., should be carried, such as an extra light tackle, rope, large 
.files, hand saw, screw spanner, mortise chisels, measuring tape, 
wire gauge, &c. ; these tools are issued as required, and returned 
to the box as soon as done with, they are therefore always ready 
for any emergency, and much time and inconvenience is some 
times saved by this means. 



THE END. 
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